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with C. The amount of the inoculum injected in each case varied between 0.2 
and 4.5 cc. In preparing the larger inoculums the sediment and liquid from several 
culture tubes were pooled to make up the requisite amounts for inoculation. 

After an injection of pentobarbital sodium into the peritoneal cavity, the 
abdomen of the animal was opened through a high midline incision in the anterior 
wall. The pyloric end of the stomach was delivered through the wound. The 
anterior w'all of the pyloric antrum or canal was chosen as the site for inocula- 
tion. The needle of the syringe was thrust through the serosa and muscularis, 
whereupon the required amount of inoculum was introduced into the submucosa. 
The accuracy of introducing the inoculum into the submucosa by such a blind 
method may be questioned, but the difference in the sense of resistance offered 
to tlie penetrating needle by the serosa and muscularis, on the one hand, and the 
submucosa, on the other, is so great that one is never in doubt regarding the 
position of the needle point. Moreover, it is almost impossible to enter the pyloric 
lumen with the needle for the reason that the mucosa bulges in advance of the 
needle point until it contacts the opposite wall, giving rise to the danger of 
penetrating the posterior wall rather than to that of entering the lumen. Owing 
to one accidental inoculation of the abdominal incision, special precaution against 
such contamination was thereafter strictly observed. 

Altogether, 51 dogs and 8 young cats were inoculated. Only animals which 
looked healthy and well nourished were selected, in order that the results might 
be based on trustworthy material. The age of the first 4 cats ranged from 3 to 
9 months, while that of the last 4 ranged between 7 weeks and 3 months. The 
first 14 dogs in the series were kept in individual cages. The other dogs were 
assigned to two fairly large rooms joined by a passage; here the dogs adapted 
themselves to confinement, pla}'ed together and were maintained under a strict 
quarantine. The cats were kept in individual cages in a sunny room with good 
ventilation. 


A milk diet was given during the first three to five days following inoculation 
and thereafter a general diet consisting of 1 part of fresh ground beef heart and 
2 parts of a prepared food in a dry form, composed of cereal, bone, meat and 
minerals. It was found desirable to kill the animal to be examined in the 
morning when the stomach was empty, immediatelj’ after death the cardiac and 
prloric ends of the stomach were ligated, and the lumen was filled by injection of a 
3.5 per cent solution of formaldehyde. The stomach was then removed and 
placed in a jar containing a solution of formaldehyde of the same strength. A 
careful autopsy was made on every animal in the series, either when it was 
'1 soon as possible after death. Four hours later the stomach was 

opene ^long either the lesser or the greater curvature and carefully examined, 
a ter u iic i the extent and intensitr’- of the macroscopic lesion were recorded. Later 
!e specimens were cut into small blocks of tissue, embedded in paraffin, sectioned 
an ^ s ame^ uitb hematoxylin and eosin; over 30 blocks of tissue were studied in 
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aid of a hand lens. The lesions were without exception confined to the 
stomach ; the small and large intestine and the liver failed to show any 
gross evidence of extension. During the course of the experiment 
21 dogs and 2 cats died ; 6 dogs of this group presented, in addition to 
the gastric lesion, some intercurrent disease, while the remainder con- 
tained only the amebic lesion. At varying intervals after inoculation 
30 dogs and 6 cats were killed. The duration of observation varied from 
one to one hundred and three days, the average being slightly over four 
days for the animals that died and about thirty-five days for those that 
were killed. The majority of the animals displayed only a moderate 
constitutional reaction to the inoculation ; their appetite returned on the 
first or second day following the injection, and diarrhea or loss in weight 
was usually not observed with the infection. There were a number of 
animals that died while the amebic process was still in an early stage, 
10 within twenty-hours and 8 within four days, and these showed a 
strong general reaction to the inoculation. 

The earliest lesions observed in the series occurred in dogs that died 
within twenty-four hours. A lesion of such brief duration consisted of 
a region of hemorrhagic exudation in the submucosa with moderate con- 
gestion of the overlying mucosa ; the involved layers presented considera- 
ble induration but no apparent thickening or elevation. Surrounding 
the area of exudation in the submucosa was a zone of infiltration con- 
sisting of lymphocytes, plasma cells, polymorphonuclear leukocytes and 
histiocytes. The gastric pits and glands were filled with a cellular debris, 
and many of the chief cells were detached from the basement ihembrane. 
There was marked engorgement of the involved capillaries and 
vessels. One dog of this group presented an hourglass constriction of 
the stomach at the level of the lesion, set up by tonic contraction of a 
segment of circular muscle fibers, and the hemorrhagic exudation in the 
lesion extended into the submucosa overlying the constriction. 

Circumscribed nodules appeared at primary sites in dogs that died 
within three days after inoculation, and the various forms are displayed 
in figure 1. The extravasation of serum and red blood corpuscles into 
the interstices of the submucosa was sufficiently extensive to increase the 
depth of this layer to two or three times its normal thickness, and periph- 
eral to it was a region of infiltration with numerous polyblasts, plasma 
cells and polymorphonuclear leukocytes. Many sections contained large 
depositions of bematin from the hemoglobin set free by disintegration 
of- the red corpuscles. In some lesions the hemorrhagic exudation 
extended into the connective tissue septums of the inner part of the 
muscular coat, causing swelling of the septums and converting the 
adjoining smooth muscle tissue into a homogeneous hyaline material. 
The mucosa at the apex of the nodule was transformed into a mass 
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PATHOLOGIC ASPECTS OF POSTERIOR PROTRU- 
SIONS OF THE INTERVERTEBRAL DISKS 

WALTER G. DEUCHER, W.D. 

Fellow in Radiology, tiic Mayo Foundation 

AND 

J. GRAFTON LOVE, 

ROCHESTER, MINN. 

One Inindrccl protruded intcf^vcrtebral disks were studied. These had 
been remo\cd by neurosurgeons of the Mayo Clinic from 94 patients 
operated on in the period from 1922 to 1937 because of compression of 
the cord and nerve root. True primary tumors of disks and tumors 
involving disks secondarily were not included in this report.^ Each 
.specimen was examined macroscopically immediately after its removal. 
The microscopic examination was done after fixation of the specimen 
in solution of formaldehyde U. S. P. (diluted 1 to 10) for at least 
twenty-four hours. The specimens, embedded in paraffin, were cut in 
the usual manner, and the sections were stained with hematoxylin and 
cosin as a routine. Because of their unevenness and hardness, the 
sjieciincns were difficult to cut. In many cases several sections were 
made, representing various parts of the protrusion. In selected cases 
special stains were used: Mayer’s mucicarmine stain, to reveal chon- 
droinucoid substance; Best’s carmine stain, to show glycogen in noto- 
chordal cells, and Van Gieson’s stain, to show fibrils of connective tissue. 

The age distribution of the 94 patients (table) was not unusual for 
patients who have protrusion of an intervertebral disk. The average 
age was 38 years. Eighty per cent of the patients were men. 'I'he 
site of the protrusion likewise was not unusual. It is likely that the 
findings in this group of 100 persons Avith protrusion of an intervertebral 
disk will not differ from those in the larger group in which operation 
has been performed at the Mayo Clinic up to the present.^ 

From the Section on Neurosurgery, the Mayo Clinic. 

1. Adson, A. W.; Kernohan, J. W., and Woltman, H. W.: Arch. Neurol. & 
Psychiat. 33:247, 1935. 

2. Love, J. G., and Walsh, M. N.: J. A. M. A. 111:396, 1938. 
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MACROSCOPIC OBSERVATIONS 

Grossly we can distinguish two different types of posterior protru- 
sion of the intervertebral disk removed at operation. The tissue may be 
either in a single dense piece or in several fragments. These two forms 
of removed tissue correspond to the diffei'ent types of protrusions ® 
which are found at operation. The characteristic apiiearance of the 
tissue removed in one piece is that of “wet rolled up . blotting 
paper” or of "chewed up chalk.” The size of the part removed in this 
series of cases ranged from that of a bean to that of a hickory nut 
(from 1 to 2.5 cm. in diameter). The size of the removed tissue did 
hot correspond to that of the tumor in situ, because pieces which lay 
inside the normal area of the disk were removed with the protruded 
portion. The shape of the protrusion in situ is hemispheric or oval. 
The tissue loses this shape on removal; the fibrous elements which are 
compressed broaden out; in some of our cases it was possible to 
stretch the removed part to 8 cm. The tissue in general is firm, but 
there are usually small soft parts in it. The appearance of the various 
portions varies with the consistence of the tissue. The denser portions 
are made up of fibrous elements and frequently reveal a fine lamellar 
structure. One part of the border may be smooth for a short extent 
and the other marginal parts fringed. There are usually one or more 
pointed processes, which are smooth and shiny and do not look fibrous. 
These are the softest parts of the protruded tissue. In certain of our 
cases these processes had the appearance of little synovial fringes 
(fig. \A). At operation these processes were found to extend deep 
into the disk. 

The other type of protrusion cannot be removed so easily, and it is 
necessary to cut or to use the rongeur to remove all of it. There may be 
adhesions to the disk or to suiTOunding structui'es, such as the vertebral 
body, the dura mater or the ligament. Such protrusions can seldom be 
removed in one piece. The removed mass consists of several fragments 
of different sizes and shapes. The number of fragments in the various 
cases in this series in which the tissue Avas in fragments A'aried from 
2 to 11. The size of the various pieces varied accordingly. In some 
cases all of the pieces Avere about the same size; in others the largest 
piece Avas almost as large as the entire protrusion, and A^arious small 
pieces made up the rest of the mass. The shape of the individual frag- 
ment therefore varies markedly and is meaningless, as it may be due to 
an artefact. Besides the variation of consistence mentioned previously, 
bony-hard parts are present in some fragments. These areas are small 
pieces of vertebra Avhich have been removed Avith the protruded portion 
of the disk. The A-arious fragments sIioav the same differences as the 
tissue removed in one piece. 

3. Love, J. G., and Camp, J. D.; J. Bone & Joint Surg. 35:776, 1937. 




Fig. 1. — A, protruded portion of the fourth lumbar intervertcbial disk, remo\ed 
in one piece; the soft pointed processes with smooth, shiny surfaces extended into 
the central parts of the disk. B, bulging of the entire mass consisting of the outer- 
most portion of the annulus, which is composed of parallel connective tissue fibers, 
and the underlying parts of the annulus; X 90. The section is from the pro- 
truded portion of a lumbosacial disk of a man 33 years of age. The structural 
changes in the annulus consist of an irregular course of fibrils, fissures and 
unusually rounded cells. C, large island of cartilage cells in an advanced state 
of degeneration; the capsule of the cartilage is indistinct and partly broken; the 
cell outlines are vanishing; karyorrhexis is seen; X 240. The section is from a 
protruded portion of the second lumbar disk of a woman 59 years of age. D, 
degenerated fibrils of an annulus; X 400. The section shows short, swollen, 
broken-up and irregular fibrils and hyaline masses from a protruded portion of 
the fourth lumbar disk of a man 23 years of age. 
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jniacroscopic observations 

Grossly we can distinguish two cliferent types of posterior protru- 
sion of the intervertebral disk removed at operation. The tissue may be 
either in a single dense piece or in several fragments. These two forms 
of removed tissue correspond to the different types of protrusions ” 
which are found at operation. The characteristic appearance of the 
tissue removed in one piece is that of “wet I'olled up . blotting 
paper” or of “chewed up chalk.” The size of the part removed in this 
series of cases ranged from that of a bean to that of a hickoiy nut 
(from 1 to 2.5 cm. in diameter). The size of the removed tissue did 
hot correspond to that of the tumor in situ, because pieces which lay 
inside the normal area of the disk were removed with the protruded 
portion. The shape of the protrusion in situ is hemispheric or oval. 
The tissue loses this shape on removal ; the fibrous elements which are 
compressed broaden out ; in some of our cases it was possible to 
stretch the removed part to 8 cm. The tissue in general is firm, but 
there are usually small soft parts in it. The appearance of the various 
portions varies with the consistence of the tissue. The denser portions 
are made up of fibrous elements and frequently reveal a fine lamellar 
structure. One part of the border may be smooth for a short extent 
and the other marginal parts fringed. There are usually one or more 
pointed processes, which are smooth and shiny and do not look fibrous. 
These are the softest parts of the protruded tissue. In certain of our 
cases these processes had the appearance of little synovial fringes 
(fig. 1^). At operation these processes were found to extend deep 
into the disk. 

The other type of protrusion cannot be removed so easily, and it is 
necessary to cut or to use the rongeur to remove all of it. There may be 
adhesions to the disk or to surrounding structures, such as the vertebral 
body, the dura mater or the ligament. Such protrusions can seldom be 
removed in one piece. The removed mass consists of several fragments 
of different sizes and shapes. The number of fragments in the various 
cases in this series in which the tissue was in fragments varied from 
2 to 11. The size of the various pieces varied accordingly. In some 
cases all of the pieces were about the same size ; in others the largest 
piece was almost as large as the entire protrusion, and various small 
pieces made up the rest of the mass. The shape of the individual frag- 
ment therefore varies markedly and is meaningless, as it may be due to 
an artefact. Besides the variation of consistence mentioned previously, 
bony-hard parts are present in some fragments. These areas are small 
pieces of vertebra which have been removed with the protruded portion 
of the disk. The various fragments show the same differences as the 
tissue removed in one piece. 

3. Love, J. G., and Camp, J. D.i J. Bone & Joint Surg. 35:776, 1937. 




Fig. 1. — A, protiudcd portion of the fourth lumbar intervertebral disk, removed 
in one piece; the soft pointed processes with smooth, shiny surfaces extended into 
the central parts of the disk. B, bulging of the entire mass consisting of the outer- 
most portion of the annulus, which is composed of parallel connective tissue fibers, 
and the underlying parts of the annulus; X 90. The section is from the pro- 
truded portion of a lumbosacral disk of a man 33 years of age. The structural 
changes in the annulus consist of an irregular course of fibrils, fissures and 
unusually lounded cells. C, large island of cartilage cells in an advanced state 
of degeneration; the capsule of the cartilage is indistinct and partly broken; the 
cell outlines are vanishing; karyorrhexis is seen; X 240. The section is from a 
piotruded portion of the second lumbar disk of a woman 59 years of age. D, 
degenerated fibrils of an annulus; X 400. The section shows short, swollen, 
broken-up and irregular fibrils and hyaline masses from a protruded portion of 
the fourth lumbar disk of a man 23 years of age. 
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It is evident from this description of protruded tissue tliat it is 
made of various portions of the disk and is not unaltered in all cases. 
Various authors ^ have emphasized the fibrous character of the protru- 
sion, but from this gross description no conclusion can be drawn about 
the changes which may have taken place in the tissue. As the outer 
portion of a normal disk is made of dense connective tissue, it is easy 
to understand the fibrous character of some of the fragments or pieces 
of a whole protrusion without assuming any radical pathologic change in 
the nucleus pulposus or fibrocartilaginous annulus fibrosus. In our 
material we found that frequently the marked fibrous character of 
separate pieces of a protrusion was caused by a relatively large admix- 
ture of the normal external portion of a disk. In the same Avay the 
separation of a protrusion into bits really has no microscopic significance. 

^MICROSCOPIC OBSKRVATIOXS 

Our first interest lay in the composition of the protrusion that 
extended from the various portions of the noi'inal disk. The intraverte- 
bral prolapses of the disk and the posterior protrusions which had not 
given rise to symptoms and which came to attention only at necropsy 
were usuall}'’ made up chiefly, if not exclusively, of the nuclear portions 
of the disk.® In our surgical material there was not a single specimen in 
which annular parts of the disk were not present also. The relationship 
of these two elements was variable; sometimes the annular and some- 
times the nuclear portions predominated. This fact is of little conse- 
quence, as the line of demarcation bet\veen these two structures is 
indefinite. In many cases portions of the outermost annulus with its 
ty^pical connective tissue fibrils and vessels Avere found. This finding 
disclosed that we were really dealing with a rupture of the annulus 
fiom bulging of the parts behind it. Only'’ in a few cases were the 
outei poitions of the annulus in close relationship to the lamellar 
elements just beneath it (fig. 1 5) ; more often this portion i-epresented 
a separate fragment. Remnants of notochordal tissue were found in 
numeious cases. The notochordal cells "were arranged in large or small 
iriegular aieas as a rule at the edge of the specimen or in fissures in the 
protrusion. Most of the notochordal cells stained positively for 
glycogen. Stains for mucus revealed this substance in some notochordal 
cells and showed it in great quantities around the cartilage cells of the 
nuclear portion, 

Petit-Dutaillis. D.: Presse med. 38:1657 and 1749, 
1930. Love, J. G.: Proc. Staff Meet., Mayo Clin. 11:529, 1936. Mixter, W. 
Ann. Surg. 106:777, 1937. 

•R Anat. u. z. allg. Path. 82:464, 1929. (&) 

f’ • •• "^he Intervertebral Discs: Observations on Their Normal and 

Morbid Anatomy in Relation to Certain Spinal Deformities, Medical Research 
Council, Special Report Series, no. 161, London, His Majesty’s Stationery Office, 
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Structural Changes . — In almost all eases the structure of the annulus 
librosus had undergone more or less definite change. The lamellae 
retained only for a short distance their normal regular course; then 
they broke off or followed a tortuous course. The cells of the annulus 
were often unusually round, and often abnormally large groups of cells 
were found. The changes in the course of the lamellae were probably a 
purely mechanical result of the bulging and rupture of the annulus. 
The change in the shape of the cells jirobably was due to changes in 
the functional stress on them.® The forces active on the lamellar ele- 
ments of the protruded disk must have been changed markedly, and 
these then produced the changes in the cells described through their 
long-continued effect. In the nuclear parts structural changes were less 
definite; the course of the fibrils remained normal, the cells, which indeed 
have no characteristic form, did not seem to be definitely changed except 
for the relatively frequent occurrence of large cartilage islands.' In 
those areas the difference in the demands made on them was more 
quantitative than qualitative. Large and small irregular fissures were 
an almost constant finding in both the nuclear and the annular parts 
(fig. IB). 

Degenerative Changes . — The normal disks of older men ordinarily 
show signs of marked degeneration.® There are definite individual 
differences both in the time of appearance and in the degree of the 
changes. For this reason it is difficult to evaluate correctly the degenera- 
tive changes in a protrusion if, as in our purely operative material, it is 
impossible to draw comparisons with the rest of the involved disk or 
with other intervertebral disks of the same patient. In spite of this 
uncertainty the occurrence of degenerative changes was worthy of note. 
Degeneration of a slight or moderate degree could be found in prac- 
tically all protrusions.” Thirty-two of our 100 specimens showed 
advanced degeneration. These specimens were from patients in all the 
different age groups, and the percentage distribution was characteristic 
(table). Although degenerative changes appeared most frequently in 
the specimens from patients who were in the age group of from 51 to 
60 years, marked degeneration of the protruded portion was not infre- 
quent in specimens from young persons. 

The degenerative changes involved the cartilage cells, the fibrils or 
both. Degeneration of the cartilage cells was much more frequent, 

6. von Mollendorff, W : Handbuch der mikroskopisclien Anatomic des 
Menschen, Berlin, Julius Springer,. 1930, Ami. 2, pt. 2, pp. 40 and 225. 

7. Elsberg, C. A.: Bull. Neurol. Inst. New York 1:350, 1931. 

8. Schmorl, G., and Junghanns, H.: Fortschr. a. d. Geb. d. Rontgenstrahlen 
43:1, 1932. 

9. Barr, J. S.; Hampton, A. O., and Mixter, W. J. : J. A. M. A. 109:1265 

1937. Love and Camp.^ ’ 
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being present in 27 cases. There occurred not only evanescent degenera- 
tive changes of single cells “ but also marked degeneration in islands of 
cartilage. The outlines of the separate cells in these islands of cartilage 
disappeared; the nuclei revealed karyorrhexis or pyknosis, and some- 
times they had disappeared. All portions of the capsule of the cartilage 
were not intact; basophilic "halos” were sometimes extensive (fig. 1 C). 

Degeneration of Fibrils . — ^This occurred usually with degenerative 
changes of the cells in the outermost portions of the annulus. The 
single fibrils were short, thick and swollen ; some were broken off, some 
took an irregular course and some were coiled. Occasionally hyaline 
patches of varying size were found in which the fibrillar structure was 
no longer recognizable (fig. ID). 

Fibrosis . — Fibrosis of^the nuclear portion occurs frequently in nor- 
mally placed disks. It represents the end stage of various pathologic 
changes and does not appear until blood vessels have invaded the field.® 


Percentage Distribution of Patients at Time of Removal of Protruded Intcrvcr' 
tebrai Disks, Related to Percentage Distribution of Pathologic Changes and 
Presence of N otochordal Remnants in the Disk, in Age Groups 




Pathologic Changes 




/ “ 

Degeneration 



Notochordal 
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Edema 

Eibrosis 

Bemnnnts 

20-80 

26 

20 

43 

21 

14 

31-40 

35 

. 24 

24 

3S 

28 

41-50 

20 

26 

2S 

24 

24 

51-60 

13 

30 

5 

17 

33 

Specimens 


32 

22 

23 

28 


Workers have remai'ked frequently that regressive fibrotic changes may 
take place in a protrusion of an intervertebral disk.^ In our material 
there was fibrosis of different grades in 28 specimens. In eveiy one 
of these the nuclear portion of the protrusion showed definite changes, 
but only rarely was one encountered in which the annular portion 
showed fibrotic changes. In no instance was fibrous tissue completely 
substituted for the fibrocartilaginous structures of the intervertebral disk. 

In 14 specimens the fibrosis was related to remnants of the notochord. 
At the edge of the specimen or along fissures in the tissue there were 
areas of varying extent of notochordal tissue. The cells of the notochord 
occasionally were degenerated. Near these cells and mixed up closely 
with them were connective tissue cells with delicate narrow dark nuclei, 
without any vacuoles. On the margins toward the fibrocartilaginous 
tissue the fibrous cells showed a marked tendency toward invasion. The 
margin between the two types of tissue was irregular and indefinite, and 
oftentimes connective tissue cells were scattered deeply in the cartilage. 
In cases of advanced fibrosis young capillary vessels were not rare. 
In cases in which fibrosis was most marked the edges and the fissures 
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in the tissue of the protrusion were lined by dense fibrous tissue, and in a 
few places small rests of notochordal cells were found. Near the fibro- 
cartilaginous elements the fibrous tissue became thinner and thinner, and 
finall}'^ there were only scattered fibroc3ies in an otherwise normal or 
degenerating fibrocartilage. The close relationship of the fibrosis to the 
rests of the notochord was most remarkable. Notochordal cells, accord- 
ing to Linck.^'' pass through various stages during their life, and in 
the third stage they are very similar to connective tissue cells. In many 
of the previously described cases in our material we used the Van 
Gieson stain, which demonstrated plainly the presence of connective 
tissue fibrils in the fihrotic areas. We can say, therefore, that rests of 
the notochord in the protruded portion of the disk arc often the point 
of entry for fibrous changes. Whether the fibrocytes come from the 
outside or are derived from the notochordal cells cannot be decided 
(fig. 2 A). This finding was made b}' Alpers, Grant and Yaskin,^^ also, 
hut these authors regarded it as a transition of immature, undifferentiated 
cells into cells resembling cartilage cells in a tumor. 

In 14 cases we found fibrosis which apparently had no relationship 
to notochordal rests. Foci of fibrocytes of varying size were present in 
otherwise normal or degenerating fibrocartilaginous tissue. At their 
edges these fibrous nests showed a tendency to invade the surrounding 
tissue. Their border was indistinct and irregular. The arrangement of 
the fibrils likewise was irregular. In the center of the nest the tissue 
was much denser, and it became looser toward the exterior, thereby 
giving the appearance of typical foci of fibrosis. The Van Gieson stain 
demonstrated connective tissue fibrils in great numbers. In cases in 
which these changes were advanced, young capillaries were present. 

The portion of the protrusion which did not contain fibrotic changes 
was in some instances normal and in others markedly degenerated. Both 
types of fibrosis showed nothing characteristic if considered from the 
point of view of the various age groups (table). Whereas many 
fibrotic protrusions had to be removed at operation with a rongeur, 
others could be taken out in one piece without difficulty. In fact, some 
of them popped out.® 

Edeim . — In 22 cases there was definite edematous swelling of the 
protrusion. On viewing the sections of such protrusions the edematous 
character was plain to the naked eye because of pale staining with 
hematoxylin and eosin. On microscopic examination we found the 
stained elements widely separated. In the annulus the lamellar structure 
was plainly recognizable by this separation. In the nucleus pulposus the 

10. Linck, A., quoted by Scbwyzer, A.: Minnesota Med. 20:15, 1937. 

11. Alpers, B. J. ; Grant, F. C., and Yaskin, J. C. : Ann. Surg. 97:10, 1933. 
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interspaces of the network structure were wider. Cells were .com- 
paratively less numerous. In the annular portion they were markedly 
rounded. The nuclei seemed relatively small, and the protoplasm was 
completely clear and transparent except for a small rest. In the nuclear 



Fig. 2. — A, fibrosis and notochordal remnants of the protruded portion of the 
fourth lumbar disk of a woman aged 51 years ; X 340. Besides the typical physali- 
ferous cells, the tissue shows connective tissue cells, a dense area at the edge of 
the fissure and an invasive tendency of the fibrous tissue. B, marked edema of 
the annulus fibrosus in a protruded portion of the fourth lumbar disk of a woman 
26 years of age who had had recurrent S3m3ptoms for four years and whose last 
attack had begun six months prior to laminectomy ; . the fibrils are normal ; the 
rounded cells contain clear protoplasm; X 40. C, nuclear portion of a protrusion 
of the fourth lumbar disk of a man 32 years old who had had symptoms for three 
years and an exacerbation one month prior to laminectomy. Note the degenerating 
cartilage cells ; X 200. 
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part the edematous change in the cells was less marked. The fibrils of 
the annulus and nucleus took no part in the edematous swelling. They 
were unchanged, delicate and fine, but widely separated. Various 
sections through the tissue from one protrusion showed edema through- 
out, although it was not equally well marked in all portions. Edema of 
this type occurred in 11 cases, with marked degeneration of the cells 
(fig. 2 B and C) . Little or no attention has been paid previously to this 
point. In our material marked edema was a frequent occurrence, and 
slight edema was present in the majority of cases. The age of the 
patients from whom the specimens exhibiting marked edema had been 
removed was significant (table). In 20 of our 22 cases attacks of pain 
lasting for from three weeks to six months had occurred immediately 
before registration at the clinic. Attacks of varying degree prior to 
these had ceased. In the other 2 cases the history was somewhat 
indefinite, but there had been symptoms for three and two years, respec- 
tivel)'. These facts lead to the supposition that edema may be the cause 
of the recurrent attacks or exacerbations of pain. In many of the cases 
in which repeated painful attacks occurred over a period of years, a 
relatively small protrusion was found at operation, so that it seems 
likely that in some cases at least the repeated attacks were the result of 
recurring edema of the protruded portion of the disk. Edematous 
swelling and its subsidence under altered conditions, such as rest in 
bed, seem to offer one explanation of the intermittency of pain in these 
cases. 

The marked capacity of the intervertebral disk, particularly of the 
nucleus, of the young person to swell is well known and definite.® It 
has been demonstrated that the disk can swell to twenty times its normal 
size when placed in water.^® The nucleus is kept to its normal size by 
the various forces acting on it from all sides. If these forces are 
decreased, the nucleus swells by absorption of fluid.^® In a case of 
protrusion the resistance to expansion of the protruded portion is 
naturally decreased, and swelling of the nuclear element, provided its 
capacity to swell is unaltered, is to be expected. In our material we 
saw swelling not only in the nuclear parts but also in parts of the pro- 
truded annulus. It is therefore very likely that displacement of a 
portion of the intervertebral disk results in circulatory changes favor- 
ing the development of edema which will involve the nucleus and the 
annulus. After a time this edema may recede and may recur later if 
opportunity is offered. Accidental changes in the position of the pro- 
trusion relative to its surroundings as a result of activity of the patient 
may represent such an opportunity. The edema seems therefore to be 

12. von Puky, P. : Arch. f. klin. Chir. 188:171, 1937. 

13. Beadle.siJ Schinorl and Junghanns.® 
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the effect of the natural tendency of the nucleus to absorb fluid and of 
the circulatory changes resulting from the displacement of the tissue. 

Such a process reminds us of the result of Ribbert’s early experi- 
ments. After drilling or cutting a hole in the anterior part of the disk 
he saw small “tumors” develop, which increased in size for about fifty- 
two days and then stayed about the same size or, as Leopold and Zahn 
believed, decreased again. Ribbert called attention to the occurrence 
of large vacuoles in the cells, which were largest when the swelling 
had reached its maximum. A gradually increasing and then receding 
edematous swelling of the protruded parts could easily explain these 
findings and would be in accord with the observations made on our 
material. 

We have mentioned that edema of the protrusion may be of clinical 
significance. This edema also may account for the well known dis- 
crepancy between the age distribution of the patients who have had 
clinical symptoms from protruded intervertebral disks and who have 
undergone operation and that of persons whose protrusions have been 
observed incidentally at necropsy. In old persons the capacity of the 
nucleus pulposus to swell is markedly decreased owing to the frequent 
degenerated, dried, fibrotic or crushed character of this part.® Pro- 
trusions of the intervertebral disks in such persons have, therefore, 
much less tendency to become edematous, and for this reason they 
probably produce no symptoms. 

SUMMARY 

Posterior protrusions of the intervertebral disk causing symptoms 
which lead to operation are composed of all parts normally found in the 
unprotruded intervertebral disks, the annulus lamellosus, including its 
outer parts, and the nucleus pulposus with its occasional remnants of 
the notochord. The tissue of the intervertebral disk is almost invariably 
altered in the protrusion. The most common and constant changes in 
it consist of alterations of the normal architecture. 

Degenerative changes, too, are seen commonly. Advanced degenera- 
tion is more frequent among patients in the older- age groups. Marked 
degeneration of the cartilage cells is much more common than degenera- 
tion of the fibrils. 

Fibrosis may occur in the form of proliferating fibrous tissue or it 
may be in close relationship to remnants of the notochord. In both 
instances the fibrous tissue tends to replace the normal fibrocartilaginous 
structures of the protruded portion of the disk. 

Edema of the protruded part of the intervertebral disk is a most 
important and frequent finding. It may involve the annulus as well as 


14. Ribbert; Vcrliandl. d. Cong. f. inn. Med. 13:455. 1895. 
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the nucleus and is more frequent in young persons. The edema of the 
protrusion must be considered as a result of the capacity of the nucleus 
to swell if the normal forces keeping it in place and shape are decreased. 
At the same time it may be helped or held hack by circulatory changes 
resulting from the displacement of the protruded part. The occurrence 
of edema may result in exacerbation of the clinical symptoms. Such 
an exacerbation, however, may subside spontaneously or with conserva- 
tive treatment. 

From this study it is not possible to draw any conclusions about an 
etiologic relationship of notochordal rests to protrusions of intervertebral 
disks. 



PHAGOCYTOSIS OF TRYPAN BLUE IN RATS 
OF DIFFERENT AGE GROUPS 


JAMES T. CULBERTSON, Ph.D. 

NEW YORK 

It is generally recognized that man and animals manifest, as they 
grow older, increasing natural resistance against many kinds of infec- 
tious agents.^ It appears likely, in spite of strong evidence to the con- 
trary in a number of diseases, that this gradually developed natural 
resistance is often largely a matter of constitutional maturation and that 
exposure to a specific disease agent is not essential in order that man or 
animals ma}'- acquire resistance with age. As yet, the precise cause 
of the greater resistance of older animals is obscure, although much 
experimentation has been done on the question. It has long been known, 
for example, that older animals respond more powerfully in the produc- 
tion of serum antibodies than do younger ones after parenteral admin- 
istration of antigenic substances. A difference in response analogous to 
that to an artificial stimulation might be expected after exposure to a 
natural infecting agent, Jungeblut and Engle ® found experimentally that 
hormonal factors are of significance in the natural acquisition of resis- 
tance. Indeed, in discussing the naturally acquired resistance of adult 
persons against poliomyelitis, they stated . . epidemiologic obser- 

vations and experimental facts can be reconciled with a point of view 
emphasizing the normal endocrine balance characteristic of mature age 
as a major source of this protection.” ® 

From the Department of Bacteriology, College of Physicians and Surgeons, 
Columbia University. 

1. The literature has been reviewed comprehensively by G. P. Ssacharoff 
(Ergebn. d. allg. Path. u. path. Anat. [pt. 2] 22:201, 1927-1928) and by L. Baum- 
gartner (Yale J. Biol. & Med. 6:403, 1934). 

2. Jungeblut, C. W., and Engle, E. T.: (o) J. A. M. A. 99:2091, 1932; (b) 
J. Exper. Med. 59:43, 1934. 

3. Other mechanisms to explain observed differences in the resistance of animals 
of different age groups to infectious agents have been suggested. A. O. Foster 
(Am. J. Hyg. 24:109, 1936) expressed the belief that age resistance is linked with 
the natural age curve of the hemoglobin level of a given host, especially since he 
was able to note an inverse correlation between the resistance of dogs and cats to 
hookworm infection and the anemia occasioned by hemorrhage or by feeding a 
milk diet, which is deficient in iron. A. O. Foster and W. W. Cort (ibid. 21:302, 
1935) found that young dogs are more susceptible than older dogs to the effects 
of a deficient diet in decreasing the natural resistance to Ancylostoma canium. 
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It seems likely that the endocrine balance of an animal, as \vell as its 
improved capacity with age to produce specific antagonistic substances, 
is of fundamental importance in the natural acquisition of resistance. 
But it seems probable as well that the enhanced resistance of the older 
animals is in part dependent on a more effective functioning of the 
phagocytic cells of the older body, especially since, as Gay pointed out, 
“body cells, rather than body fluids, arc the first and the last factors in the 
defense processes against micro-organisms.” 

There is a considerable literature indicating that significant changes 
do occur in the reactive capacity of the defense cells as animals mature. 
For example, negative or onl}’^ slight reactions arc noted in the skin of 
infants given injections of such nonantigenic substances as turpentine, 
iodoform, mustard oil and other cutaneous irritants, whereas the skin of 
older persons reacts strongly to these substances (Adelsberger ; ^ 
Tachau ^"). Similarly, the skin of young infants does not react to large 
injections of diphtheria or scarlet fever toxin, even in the absence of 
demonstrable antitoxin (Schick test and Dick test), although the skin 
of somewhat older children does respond (von Groer and Kassowitz 
Furthermore, Sarles ^ has made the significant observation that old dogs 
experience a severe skin reaction, with prolonged inflammation, to the 
penetration of the dog hookworm, Ancylostoma canium, in contrast to 
the slight, transient effects in young dogs. The larvae of the hookworm 
are retained in the skin longer in old dogs than in young ones, and sec- 
tions reveal partial disintegration of these parasites in the older animals. 

An observation by Duca ^ in this laboratory has thrown further light 
on the increasing reactivity of the protective cells as animals become 
older. Duca noted that nursling rats, which are frequently killed by 
Trypanosomia lewisi, show no change either in the total number of leuko- 
cytes or in the monocyte percentage after infection, whereas older rats, 
beginning very soon after being weaned, manifest a sharp rise in both 
the total leukocyte count and the monocyte percentage after infection, 
these responses being apparently related to the resistance which the older 
animals exhibit against T. lewisi. This observation has seemed to me 
to be of considerable significance and has led me to investigate further 
the general problem of naturally acquired resistance, especially with the 
purpose to determine the role played by the phagocytic cells in this 
resistance. 

3a. Gay, F. P. ; Arch. Path. 1:590, 1926. 

4. Adelsberger, L. ; Ztschr. f. Kinderh. 43:373, 1927. 

4a. Tachau, P. : Ztschr. f. Kinderh. 38:638, 1924. 

5. von Groer, F., and Kassowitz, K. : Ztschr. f. Immunitatsforsch. u exper 
Therap. 30:154, 1920. 

6. Sarles, M. P. ; Am, J. Hyg. 10:683, 1929. 

7. Duca, C. J. : Am. Heart J., to be published. 
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The present paper ofifers the results of an attempt to determine the 
relative capacity of the cells of rats of different age groups to phago- 
cytose inert particles injected into these animals. It was hoped to find 
through the use of trypan blue whether the phagocytic function of these 
cells becomes more effective as the animals approach maturity. If such 
an improvment in function was found it was considered these same 
cells would be shown, by analogy, responsible in part for the enhanced 
resistance which older animals manifest against living infectious agents. 

METHODS 

Suspension of Trypan Blue. — ^Trypan blue was prepared for injection by sus- 
pending the dry powder in distilled water, in a concentration of 1 per cent. The 
suspension was sterilized in the autoclave prior to being injected. 

Strain of Rat Used. — All rats were of the Sherman strain and were propagated 
in the Department of Animal Care of the College of Physicians and Surgeons. 
They were maintained on a diet consisting of the following foods in the percentages 
given: hulled oats (15), whole wheat (15), yellow corn (15), shelled barley (15), 
soybean meal (15), powdered whole milk (10), commercial dried meat scraps 
(Swift’s) (10), green alfalfa meal (2), sodium chloride, (2) and calcium carbonate 
(0.5). 

E.vpermental Procedure. — Rats of successive age groups to maturity were used 
in this experiment: 7 were 6 days old, 5 were 10, 3 were 15, 4 were 18, 3 were 23, 
3 were 40, and 2 were 60 days old. Half of these animals received by intra- 
peritoneal injection 0.1 cc. of the suspension of trj’pan blue per 10 Gm. of body 
weight. The remainder were given twice this dose. Eighteen hours later, all of 
the rats were killed with ether, and pieces of liver, spleen, lung, brain, cartilage 
(xiphoid process) and skin removed and placed in Bouin’s s fixative. The tissues 
were embedded in paraffin, sectioned and stained lightly with eosin only. 

OBSERVATIONS 

The examination of the prepared sections revealed no significant 
difference in the phagocytic capacity of the cells of any of the organs 
of the various age groups except the liver. In the liver, however, well 
marked and consistent differences were observed. Not onl}'’ did more 
Kupffer cells in the livers of the older rats contain particles of the dye, 
but larger numbers of particles were to be found within each phago- 
cytosing Kupffer cell of the older animals. The observed difference is 
fairly well brought out in the figure, in A, B and C. 

An attempt was made to estimate quantitatively the dift'erence seen 
in the rats of different age groups. The total number of Kupffer cells 
which contained any trypan blue particles whatsoever w'^as determined in 
25 representative oil immersion fields of each slide, the oil immersion 
objective being used in order to recognize unmistakably the individual 

8. The formula is: Saturated aqueous solution of trinitrophenol, 75 parts; 
solution of formaldehyde U. S. P., 25 parts; glacial acetic acid, 5 parts. 
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particles of the dye. Tlie quantitative results substantiated the iniprcs- 
sion given by a more superficial perusal of the slides, smaller numbers 
of cells, with fewer particles per cell, being observed in the animals 
less than 18 days old than in those over this age. It appeared, further- 
more, that by the time an animal had reached IS days of age its Kupller 



Sections of the livers of rats of different age which had received injections of 
trypan blue. They show the relative amount of phagocytosis by Kupffer cells. 
Stain, eosine only ; magnification, about X 500. A represents rat >10, 10 days old ; 
B, rat 17, 18 days old, and C, rat 26, 60 days old. 

cells had attained their full capacity for phagocytosis, since with further 
development rats showed little or no continued improvement in phago- 
cytic potentialities. The results of the quantitative study, together with 
data relevant to each animal used, are given in the table. 



Phagocytosis of Trypan Bine by the Kupffer Cells of Rats of Different 

Age Groups 


EupSer Cells 

Amount of 1% Showing Engulfed 
Suspension Earicles in 25 

of Trypan Blue “Oil Immersion” 
Injected Intraperi- Eields (x 930) 


Rat 

Age, Bays 

Weight, Gm. 

toncally, Cc. 

of Section 

1 

0 

11.0 

0.11 

20 

2 

0 

11.5 

0.115 

1 

3 

6 

11.5 

0.115 

44 

4 

6 

12.0 

0.12 

31 

5 

0 

12.5 

0.125 

0 

6 

G 

11.5 

0.23 

a 

7 

6 

12.5 

0.25 

0 

S 

10 

12.0 

0.12 

0 

9 

10 

12.0 

0.12 

40 

10 

10 

12.0 

0.12 

89 

11 

10 

11.5 

0.23 

102 

12 

10 

12.0 

0.24 

' 156 

13 

15 

17.0 

0.17 

174 . 

14 

15 

19.0 

0.19 

112 

15 

15 

19.0 

0.38 

ISG 

16 

18 

25.0 

0.25 

2C0 

17 

18 

27.0 

0.27 

280 

IS 

18 

24.0 

0.4S 

217 

19 

IS 

25.0 

0.50 

313 

20 

23 

40.0 

0.40 

268 

21 

23 

60.0 

0.50 

279 

22 

23 

39.0 

0.78 

348 

23 

40 

102.0 

1.02 

2GS 

24 

40 

105.0 

1.05 

302 

23 

40 

84.0 

l.CS 

278 

20 

CO 

ss.o • 

o.ss 

264 

27 

GO 

87.0 '■ 

1.74 

284 


COMMENT 

The observations recorded in this paper show clearly that at birth rats 
are not provided with so effective a means of phagocytosing particles of 
tiypan blue parenterally introduced as they later acquire. This differ- 
ence has been demonstrated thus far only with the Kupffer cells of the 
liver, but it appears likely that other phagocytosing cells ma}’’ show a 
similar nonspecific difference in function with age, though perhaps in 
lesser degree. At any rate, since the ICupffer cells have long been 
shown to be among the most significant cells of the defense mechanism, 
the demonstration of this difference with them alone goes far toward 
implicating an improvement in function with age in phagocytic cells as 
an important force in natural resistance. At the same time, this single 
defense agency must not be considered solely responsible for natural 
resistance. The gradually acquired capacity of animals to elaborate 
antibodies as well as hormones, the changes in the permeability of tissues 
in general and the alterations in the natural diet as animals grow older, 
together with differences in genetic constitution and other fundamental 
differences between animals, must be considered in attempting to, explain 
the natural resistance acquired with maturit}^ 
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COKCLUSIONS 

I'herc is n dilTctciicc in cnpacily for pliagocylic function between 
young and old rats, the KuplTcr cells of nursling animals being less able 
to phagocyplosc particles of liypan blue (ban the ICupfrcr cells of older 
anijuals. This dift’crcncc can be correlated with a gradually acquired 
resistance of rats against a natural blood flagellate (Trypanosoma 
Icwisi) of this animal. It is suggested that the resistance which the rat 
naturally acquires against this parasite as it grows older is in part 
accounted for by a gradually acquired enhancement in the phagocytic 
capacity of the host’s cells. 



ENDAMOEBA HISTOLYTICA 

EXPERIMENTAL INFECTION OF THE STOMACHS OF 
DOGS AND CATS 

YNGVE JORANSON, M.D. 

AND 

JOSEPH SIMONS, M.D. 

CHICAGO 

The object of this investigation was to induce infection with 
Endamoeba histolytica in the gastric submucosa of dogs and cats and 
study the nature of the tissue reaction. The animals were infected by 
inoculating the submucosa with cultured forms of E. histolytica of 
human origin. As long as the overlying mucosa remained intact, there 
was reason to believe that the lesion arising at the seat of inoculation 
would resemble the basic lesion of amebic disease. But with the dis- 
integration of the mucosa and the consequent exposure of the amebas to 
the action of the gastric juice, the fate of the trophozoites and the further 
development of the lesion became a matter of speculation. 

It has long been thought that gastric juice exerts a destructive action 
on the trophozoites of E. histolj’tica. Councilman and Lafieur ^ reported 
that E. histolytica exerts no action on the stomach because the conditions 
there are unsuitable for its multiplication. XJjihara - incubated cysts of 
E. histolytica with gastric juice for twenty-four hours at 37 C. and found 
that the greater part remained undigested. Penfold, Woodcock and 
Drew ^ used pepsin in an acid medium as an excysting agent and obtained 
negative results. Chatton * fed cysts to cats and killed the animals after 
periods varying from three and one-half to seventeen hours ; except for 
the disappearance of the chromidial bars, he found that the cysts passed 
through the stomach unchanged. 

The resistance which the cysts of E. histol}d;ica display toward the 
action of hydrochloric acid has also been investigated. Yorke and 

From the Department of Anatomy and Department of Bacteriology and 
Public Health, College of Medicine, Universitiy of Illinois, and the Research 
Laboratories of the Illinois Department of Public Health. 

1. Councilman, W. T., and Lafleur, H. A.: Johns Hopkins Hosp. Rep. 2:395, 
1891. 

2. Ujihara, K.: Ztschr. f. Hyg. u. Infektionskr.. 77:329, 1914. 

3. Penfold, W. J.; Woodcock, H. M., and Drew, A. H.: Brit. M. J. 1:714, 
1916. 

4. Chatton, E.: Bull. Soc. path. exot. 10:834, 1917. 
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Adams exposed cysts to hydrochloric acid in A’^arious dilutions and at 
varying temperatures for thirty minutes. The exposed cysts were then 
cultured. From cysts exposed to 0.2, 1 and 5 per cent hydrochloric acid 
at from 20 to 25 C. they obtained positive sixteen hour old cultures of 
vegetative amebas. Dobell and Laidlaw ® employed the same acid in a 
constant dilution at a constant temperature and found that the cysts of 
E. histolytica readily withstood 0.2 per cent hydrochloric acid for two 
hours at room temperature and that some cysts hatched after even three 
hours’ exposure. 

Hegner ' believed that the fate of the trophozoite of E. histolytica 
after exposure to hydrochloric acid might have some bearing on the 
biologic significance of encystment, and injected trophozoites from care- 
fully prepared cultures of E. histolytica into the stomach of a guinea pig. 
The animal Avas killed one hour later, but no amebas Avere present in the 
stomach ; specimens, alwe and moving, Avere recoA'^ered in the small intes- 
tine 6, 12, 20, 28, 34, 38, 44 and 51 inches (15, 30.5, 50.5, 71, 86, 96.5, 
111.5 and 129.5 cm.) distal to the stomach. From this result Hegner 
concluded “that trophqj-.oites may pass unharmed through the anterior 
portion of the alimentary canal and apparently may set up infections 
in the regions Avhere they are normally localized, but that this probably is 
not the usual method of infection in nature.” 

Dobell ® also studied the effect of acidity on the trophozoites of 
. E. histolytica. He exercised the greatest precaution in obtaining material 
Avhich contained only unencysted forms. His experimental results indi- 
cate that the trophozoites can Avithstand exposure to 0.18 per cent hydro- 
chloric acid at 37 C. for any time up to one full hour. Dobell stated that 
“in the acid the amoebae at once become rounded and motionless, and 
most of them soon appear — and are — dead or dying. It is only by 
attempting to make cultures from them afterAvards that one can deter- 
mine Avhether such forms are really dead or alive.” 

The greatest precaution should be observed in translating the results 
of these experiments into terms of amebic infection in man. The demon- 
stration of the acid resistance of E. histolytica, particularly in its 
unencysted foi-ms, raises the question whether the trophozoites live as 
harmless commensals Avithin the lumen of the stomach or as parasites 
able at intervals to invade the gastric mucosa. In any consideration of 
host-parasite relations it is necessary to take into account the resistance 
of the host as well as the virulence of the parasite. The ability of the 

5. Yorke, W., and Adams, A. R. D.: Ann. Trop. Med. 20:279 and 317, 1926. 

6. Dobell. C., and LaidlaAV, P. P.: Parasitology 18:283, 1926. 

7. Hegner, R. W. : Am. J. Hyg. 6:593, 1926. 

8. Dobell, C.: Parasitology 19:288, 1927. 



220 


ARCHIVES OF PATHOLOGY 


gastric epithelium to resist both the mechanical penetration and the lytic 
action of E. histolytica is an important factor. But such resistance does 
not follow immutable standards. The gastric mucosa is constantly being 
exposed to mechanical and thermal injury, and the normal capacities of 
its epithelium for resistance against infection may thus be modified. If, 
nevertheless, the possibility of trauma is omitted from consideration, it 
may still be open to question whether the hydrochloric acid is able at all 
times and in all parts of the stomach to prevent an invasion of the normal 
mucosa by E. histolytica. From a theoretic standpoint it should not 
matter whether the organism invades the epithelium of the colon or of 
the stomach except as the location may affect the distribution of the 
endoparasite ; once past this epithelial barrier the amebas are in position 
to initiate a lesion. But the probability of an invasion of the mucosa 
in the human stomach by E. histolytica is reduced to one of great 
uncertainty when it is borne in mind that such an involvement would, 
hardly pass unnoticed in the histologic study of gastric lesions. 

The human stomach has never been reported as the seat of a primary 
lesion in amebiasis ; it has been mentioned by several investigators as a 
site for complications. Craig at autopsies examined 60 persons who 
died of amebic dysenteiy with special reference to complications and 
observed that the stomach was chronically inflamed in 1 of almost every 
2 examined. The form of gastritis noted came next in frequency to 
chronic enteritis and was sufficiently severe to be a factor against 
recovery. Clark studied the reports of postmortem examinations in 
186 cases of amebiasis and cites 2 cases in which an abscess of the liver 
involved the stomach, causing in one case an obstruction and in the other 
a perforation of the stomach. James reviewed the findings of Clark 
and also examined the protocols of the observations at autopsy in 29 
additional cases of amebiasis. He noted that there is no a priori reason 
why amebas that have passed the liver should not lodge in any or all of 
the organs or localities in which the parasite has been claimed to be 
present. 

But if this were true [said James] some indication of such localization might 
reasonably be expected at those autopsies, in which all the damage possible 
appears to have been done. When one sees in a single instance the entire colon 
a mass of ulcers, from the ileocecal valve to the rectum, the liver riddled with 
multiple ulcers, without any other evidence of amoebic invasion, one is permitted 
a certain scepticism as to whether this parasite is often carried to other localities, 
or is the cause of not infrequent pathological conditions elsewhere. 

9. Craig, C. F.: Am. J. M. Sc. 128:145, 1904. 

10. Dark, H. C.: Am. J. Trop. Med. 5:157, 1925. 

11. James, W. M.; Ann. Trop. Med. 22:201, 1928. 
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The records of over 20,000 amebic patients and the reports of over 
3,000 autopsies on patients with amebiasis were reviewed by Musgrave 
in his twenty years of tropical experience. The article embodying the 
results of this extensive clinical study was edited by Reed, who wrote 
thus concerning complicatioirs ; 

Stomach disorders are particularly frequent in all tropical countries and 
naturally are often associated with amoebic disease in a casual manner. However, 
in addition to this, there is more frequent and undoubtedly mutually dependent 
association between the two conditions, particularly in the later stages of a pro- 
longed amoebic infection. Gastralgia is particularly frequent and may be present 
with but mild amoebic infection. The different types of gastralgia with achylia 
gastrica and hyperchlorhydria are seen and gastric ulcer is relatively more fre- 
quent than in other diseases. After eliminating the usual factors, there remains 
frequent association of the two diseases which is hard to explain without acknowl- 
edging some form of interdependence. 

It seems that inoculation of the gastric submucosa with cultured 
forms of human strains of E. histolytica and observations on the develop- 
ment and nature of the resulting lesions might add something to present 
knowledge of the characteristics of E. histolytica and perhaps throw 
some light on the causative factors underlying the process of ulceration 
in the human stomach. 


MATERIALS AND METHODS 

Three different strains of E. histolytica of human origin, identified separately 
by the letters C, G and H, were used in these experiments.^® The amebas were 
maintained in artificial cultivation on slants of liver infusion-agar overlaid with 
sterile rice flour.i^ Every forty-eight hours transplants were made from sedi- 
ment obtained at the bottom of the culture tube by means of a pipet and incubated 
at 37 Every strain grew welt in this medium, and the development of the 

amebas in vitro was consistent for each strain. The material for injection con- 
tained the amebas and an accompanying flora of yeasts and bacteria. 

The viability of the inoculum was tested prior to inoculation by placing a 
drop on a glass slide, adding a drop of 5 per cent aqueous solution of eosin 
and studying the microscopic details; all specimens contained at least from 10 
to 15 amebas per field, and in some the organisms were much more numerous. 
The inoculums employed in two thirds of the experimental animals of the series 
contained only strain G, those in 5 animals contained only strain H, while those 
for the rest of the animals consisted of a combination of G with H or of H 

12. Musgrave, W. E. ; Am. J. Trop. Med. 11:469, 1931. 

13. The strains were obtained in culture from Dr. Bertha Kaplan Spector 
(deceased), associate protozoologist. United States Public Health Service, Chi- 
cago, and research associate in the department of medicine of the Douglas Smith 
Foundation of the University of Chicago, who originally cultivated them from 
patients infected with E. histolytica. 

14. Cleveland, L. R., and Collier, J.: Am. J. Hyg. 12:606, 1930. 

15. The strains were cultivated in vitro by Miss Virginia Ryan, research bac- 

teriologist in the research laboratories of the Illinois Department of Public Health 
Chicago. ' 
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with C. The amount of the inoculum injected in each case varied between 0.2 
and 4.5 cc. In preparing the larger inoculums the sediment and liquid from several 
culture tubes were pooled to make up the requisite amounts for inoculation. 

After an injection of pentobarbital sodium into the peritoneal cavity, the 
abdomen of the animal was opened through a high midline incision in the anterior 
wall. The pyloric end of the stomach was delivered through the wound. The 
anterior wall of the pyloric antrum or canal was chosen as the site for inocula- 
tion. The needle of the syringe was thrust through the serosa and muscularis, 
whereupon the required amount of inoculum was introduced into the submucosa. 
The accurac}' of introducing the inoculum into the submucosa by such a blind 
method may be questioned, but the difference in the sense of resistance offered 
to the penetrating needle by the serosa and muscularis, on the one hand, and the 
submucosa, on the other, is so great that one is never in doubt regarding the 
position of the needle point. Moreover, it is almost impossible to enter the pyloric 
lumen with the needle for the reason that the mucosa bulges in advance of the 
needle point until it contacts the opposite wall, giving rise to the danger of 
penetrating the posterior wall rather than to that of entering the lumen. Owing 
to one accidental inoculation of the abdominal incision, special precaution against 
such contamination was thereafter strictly observed. 

Altogether, 51 dogs and 8 young cats were inoculated, Onl}”- animals which 
looked health}^ and well nourislied were selected, in order that the results might 
be based on trustworthy material. The age of the first 4 cats ranged from 3 to 
9 months, while that of the last 4 ranged between 7 weeks and 3 months. The 
first 14 dogs in the series were kept in individual cages. The other dogs were 
assigned to two fairly large rooms joined by a passage; here the dogs adapted 
themselves to confinement, played' together and were maintained under a strict 
quarantine. The cats rvere kept in individual cages in a sunny room with good 
ventilation. 

A milk diet was given during the first three to five days following inoculation 
and thereMter a general diet consisting of 1 part of fresh ground beef heart and 

2 parts of a prepared food in a dry form, composed of cereal, bone, meat and 
minerals. It was found desirable to kill the animal to be examined in the 
morning when the stomach was empty. Immediately after death the cardiac and 
pyloric ends of the stomach were ligated, and the lumen was filled by injection of a 
3.5 per cent solution of formaldeh 3 '^de. The stomach was then removed and 
placed in a jar containing a solution of formaldehyde of the same strength. A 
careful autops)'- was made on everj' animal in the series, either w'hen it was 
killed or as soon as possible after death. Four hours later the stomach was 
opened along either the lesser or the greater curvature and carefully examined, 
after which the extent and intensity of the macroscopic lesion were recorded. Later 
the specimens were cut into small blocks of tissue, embedded in paraffin, sectioned 
and stained with hematoxylin and eosin; over 30 blocks of tissue were studied in 
serial section. 

OBSERVATIONS 

The inoculation of human strains of E. histolytica into the gastric 
submucosa gave rise to the formation of gross gastric lesions in 36 dogs 
and 5 cats (69.49 per cent of the series) ; in the remaining 15 dogs and 

3 cats (30.51 per cent) a lesion could not be demonstrated even rvith the 

16. This work was carried out in the technic room of the department of 
anatonn’ under the direction of Dr. O. F. Kampmeier. 
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aid of a hand lens. The lesions were without exception confined to the 
stomach ; the small and large intestine and the liver failed to show any 
gross evidence of extension. During the course of the experiment 
21 dogs and 2 cats died ; 6 dogs of this group presented, in addition to 
the gastric lesion, some intercurrent disease, while the remainder con- 
tained only the amebic lesion. At varying intervals after inoculation 
30 dogs and 6 cats were killed. The duration of observation varied from 
one to one hundred and three days, the average being slightly over four 
days for the animals that died and about thirty-five days for those that 
were killed. The majority of the animals displayed only a moderate 
constitutional reaction to the inoculation ; their appetite returned on the 
first or second day following the injection, and diarrhea or loss in weight 
was usually not observed with the infection. There were a number of 
animals that died while the amebic process was still in an early stage, 
10 within twenty-hours and 8 within four days, and these showed a 
strong general reaction to the inoculation. 

The earliest lesions observed in the series occurred in dogs that died 
within twenty-four hours. A lesion of such brief duration consisted of 
a region of hemorrhagic exudation in the submucosa with moderate con- 
gestion of the overlying mucosa ; the involved layers presented considera- 
ble induration but no apparent thickening or elevation. Surrounding 
the area of exudation in the submucosa was a zone of infiltration con- 
sisting of lymphocytes, plasma cells, polymorphonuclear leukocytes and 
histiocytes. The gastric pits and glands were filled wdth a cellular debris, 
and many of the chief cells were detached from the basement membrane. 
There was marked engorgement of the involved capillaries and 
vessels. One dog of this group presented an hourglass constriction of 
the stomach at the level of the lesion, set up by tonic contraction of a 
segment of circular muscle fibers, and the hemorrhagic exudation in the 
lesion extended into the submucosa overlying the constriction. 

Circumscribed nodules appeared at primaiy sites in dogs that died 
within three days after inoculation, and the various forms are displayed 
in figure 1. The extravasation of serum and red blood corpuscles into 
the interstices of the submucosa was sufficiently extensive to increase the 
depth of this layer to two or three times its normal thickness, and periph- 
eral to it was a region of infiltration with numerous polyblasts, plasma 
cells and polymorphonuclear leukocytes. Many sections contained large 
depositions of hematin from the hemoglobin set free by disintegration 
of the red corpuscles. In some lesions the hemorrhagic exudation 
extended into the connective tissue septums of the inner part of the 
muscular coat, causing swelling of the septums and converting the 
adjoining smooth muscle tissue into a homogeneous hyaline material. 
The mucosa at the apex of the nodule was transformed into a mass 
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The soft nodular lesion portrayed in figure 1 h occurred in a dog that 
lived only three days; the involved submucosa was reduced to a moist, 
slightly coherent mass, which was perhaps I'esponsible for the urabilica- 
tion marking the center of the intact mucosa. The liquefied mass in 
section showed a dense cellular infiltrate in its central part and a fibrinous 
exudate at the periphery, in which the inflammatory cells were less dense ; 
the muscularis mucosae remained unbroken. 

Nodules arose also at secondary sites, and most of these developed 
as an extension of the process in older specimens. They occurred as 
single and multiple lesions with considerable variation in size and shape, 
as shown in figure 2. The specimens exhibited in a and h came from 
dogs killed eighty-nine and one hundred and three days after inoculation, 
in which the pyloric mucosa, even after the most careful inspection, failed 
to reveal a primary lesion ; the mucosa covering each lesion presented an 
apical ulceration, while the serosa contained an eccentric sloughing area 
of pinhead size. The multiple lesions in c and d came from a dog that 
died within thirty-six hours after injection; there were thirty or more 
small nodules distributed in a definitely linear manner over the entire 
gastric mucosa on, as well as between, the folds. 

Tlie overlying mucosa in most of these secondary nodules was 
hyperemic, and at the apex of the lesion it contained a minute ulcerated 
area of pinhead size or larger, from which a sinuous tract led downward 
to a cavity of flasklike profile, filled with a hemorrhagic exudate or a 
brown gelatinous debris. The cavity was usually located in the deeper 
part of the mucosa, but in several instances it occupied the submucosa 
and the sinus leading to it and then perforated the muscularis mucosae. 
A few parietal cells were seen in the debris either in the tract or in the 
cavity, the staining qualities of which were well preserved. Except for 
the region embracing its proximal end, the sinuous tract was surrounded 
by tissue in which there was little, if any, cellular inflammatory reaction. 
In one lesion there occurred a small, irregularly shaped cavity in the 
mucosa which failed to present a communication with either the surface 
or a contiguous cavity. 

Ulcei-ation became manifest as early as the third day after inoculation, 
and the destructive phases of this process continued to be predominant 
in some of the primai-y lesions for as long as eighteen days. The ulcers 
in figure 3 indicate the various stages of development in these lesions of 
primary origin. In many of them the cavity communicated with the 
surface through a wide opening, but this was not true of all the lesions. 
Each of the three ulcers in line in the specimen shown in c presented a 
slitlike opening on the surface, which was continuous with a piriform 
excavation below. This specimen came from a dog killed on the ninth 
da}'' on account of a protrusion of the greater omentum through the 
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lower half of the abdominal wound ; the most distal of the three ulcers 
extended to within 0.5 cm. of the pyloric sphincter. 

The crater of the primary ulcer usually extended down through the 
mucosa and submucosa; in the more su‘scepti1)le animals it involved a 



Fig. 2. — A group of nodular lesions occurring at secondar}' sites, many of 
them presenting minute apical ulcerations : (a- and h) specimens taken from dogs 
eighty-nine and one hundred and three days after inoculation; {c and rf) multiple 
superficial lesions in a dog which died within twentj'’-four hours after' inoculation ; 
(c) a lesion located within 5 cm. of the cardiac sphincter and associated with 
many small superficial erosions as shown in figure 4 d. 

large part of the muscularis. An extensive gangrenous process took 
place in a lesion of eighteen days (c in fig. 4) in which the floor was 
composed only of thickened serosa. In the early lesions the crater was 
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filled with necrotic material, only partially separated from the base and 
sides. The spread of the amebic process was rapid and extensive in the 
submucous layer, where the advancing infiltration and softening of the 
tissue led to undermining of the mucosa above. The mucosa in the cential 



Fig. 3 —A group of ulccis appearing at pi unary sites . (a) lesion with punched- 
out appearance; (b) induration and undermining of margins: (c) three button- 
hole ulcers in line in a dog killed after nine days ; (c and /) excavations filled with 
grayish brown necrotic material, wdiich w^as firmly adheient to the floor and sides. 


portion was cut off from its nutrition and cast off as a slough, and with 
further destruction in the submucosa the undermined mucosa at the edge 
of the ulcei became eveited. Tavo inflammatorv zones could sometimes 
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be distinguished in the transition from normal tissue to the completely 
necrotic area. The proximal zone was marked by a serous exudate with 
numerous red blood corpuscles and the peripheral zone by an extensive 
infiltration of polyblasts, plasma cells and polymorphonuclear leukocytes,' 



e 


Fig. 4. — Larger gangrenous ulcers are illustrated in a to c; the lesion in c is 
eighteen days old and the thin, almost translucent floor is composed of only a 
thickened serosa; d and c show multiple superficial erosions. 

of which cells the last predominated when cocci and bacilli were present 
in the lesion. The submucosa was greatly thickened in the inflammatory 
area, which caused an elevation of the edge of the ulcer. Large ulcera- 
tive processes were observed in 8 dogs and 4 cats, in which the necrotic 
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material was cast off, with the formation of an excavation of variable 
size and shape, and the floor was covered usually with an adherent gray- 
ish brown material; sections often revealed two layers in the floor, a 
superficial stratum of fibrin with a rich cellular infiltration and a deeper 
layer of numerous fibroblasts and newly formed capillaries. The vessels 
in the wall of the ulcer were congested or thrombosed and occasionally 
presented obliterating endarteritis; the walls of vessels were usually 
edematous and infiltrated with inflammatory cells, and the resistance 
which they displayed to the lytic action of E. histolytica was at times 
striking. 

Amebas were found in sections of only two specimens in the series. 
The first was a large gangrenous ulcer appearing at the site of inocula- 
tion in a cat which died three days after injection and in which the 
postmortem examination was delayed about twelve hours. The amebas, 
which were lodged in the wall of the lesion, contained granular cyto- 
plasm, surrounded by the characteristic clear space, and a nucleus which 
was spherical and somewhat inconspicuous (fig. 5A-C). The second 
specimen was a primaiy ulcer occurring in a dog killed four days after 
inoculation, in which the tissues were fixed immediately after death (fig. 
6 A and B). The amebas were present in the fibrin of the floor of the 
ulcer ; the nuclear structure, owing perhaps to the increased intensity of 
the stain, was clearly visible, particularly the layer of fine chromatin 
granules lining the achromatic nuclear membrane internally and the 
karyosome with the clear zone surrounding it. Secondary infection 
occurred in only three ulcerated lesions, in which there was great destruc- 
tion of tissue and in which the fixation was delayed from eight to twelve 
hours ; the floor and sides of these three ulcers were uneven and ragged, 
containing numerous cocci and bacilli, with a predominance of poly- 
morphonuclear leukocytes. 

Ulcerated lesions, like the nodular lesions, occurred also at secondary 
sites. The age of these lesions was determinable only from the stage of 
their development. Multiple superficial erosions were observed in two 
specimens (fig. 4 cf and e), one from a dog and the other from a cat, 
killed, respectively, after twenty-one and thirty-five days. The erosions 
in the dog occurred without a demonstrable primary lesion, while those 
in the cat were associated with a large priiuary sloughing ulcer. The 
. lesions were distributed over the whole stomach, and in the specimen 
from the dog there was also a large nodule with partial mucosal dis- 
integration close to the cardiac sphincter; an occasional buttonhole ulcer 
occurred among the erosions in both specimens. Each erosion consisted 
of an area of disintegration involving the gastric glands, around which 




Fig. 5. — A, section (X 90) of the side of the ulcer displayed in figure 3/, in 
which the subniucosa contains two amebas (a. and b) ; B and C, the same section 
showing the amebas under higher power (X 800) . 


of all these processes were occasionally seen in one and the same 
specimen. The epithelium regenerating from the surface and from the 
gastric glands appeared as early as the fourth day as- flattened cells 
lining the cavity of the ulcer, and at about the same time the first signs 
of organization became evident in the fibrin of the floor. The earliest 
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lesion to give the gross appearance of being completely healed occurred 
in a dog killed after fourteen days (fig. 7 a) , but on histologic study a 
small part of the floor was found to be still uncovered with epithelium. 



Fig. 6. — A, section (X 91) of the ulcer shown in figure 3 a, in which several 
amebas are embedded in the fibrinous floor; B, the same section under higher 
power (X 700), exhibiting at a the nuclear structure in one of the amebas; the 
chromatic granules lining the achromatic nuclear membrane are visible; the two 
amebas, h and c, to the left and below are out of focus and do not show their 
nuclei distinctly. 


232 


ARCHIVES OF PATHOLOGY 


Healed lesions were found in 8 dogs and 1 cat of the series, the duration 
ranging from sixteen to ninety-eight days (fig. 7 a-h'). 

The epithelial hyperplasia presented an interesting aspect. As the 
new epithelium grew out- over the granulation tissue in the floor of the 



Fig. 7 . — A group of healed primary lesions from sixteen to ninety-eight days 
old; the scars in g and h are associated with active secondary nodules at N, the 
latter containing a minute apical ulceration. 

ulcer, the latter became heaped up by the advancing epithelial edge from 
each side into an irregular projecting mass, which was reduced only 
after it became covered with the newly formed epithelium. The cells in 
the single layer of epithelium in the floor gradually changed from an 
atypical flattened to a columnar shape; from this layer invaginations 
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developed later in a downward direction, giving rise to shallow pits and 
glands with chief cells. The organization in the fibrin of the floor took 
place in the presence of numerous infiltrating lymphoid cells, histiocytes- 
and leukocytes. Isolated strains of muscle fibers grew up into the 
organizing tissue of the floor, forming a scant network of muscle tissue 
at this level. 

As healing approached completion, the gastric pits became deeper 
and the glands more convoluted, and below the bases of the glands there 
appeared occasionally a newly formed lymphoid follicle; up to the end 
of the period of observation the glands remained less tortuous than the 
normal, and the number of glands per unit area was less than that of the 
normal pyloric mucosa. No regeneration of the muscularis mucosae 
was observed in any of the specimens. The base of the healed ulcer 
was usually pigmented and depressed, and the edges were puckered, 
elevated and everted ; the eversion in some lesions was so marked that 
the edges approximated one another and hid the floor from view. The 
edge of the old ulcer was always identified histologically by following the 
muscularis mucosae to its eversion and fixation in the new fibrous tissue. 

The completion of the healing process in the primary lesion was not 
found to signify the end of the amebic process in the wall of the stomach. 
Three healed lesions were each accompanied by a recent secondary lesion ; 
two of these are displayed in figure 7 g and h. The first, twenty-three 
days old, presented two linear scars separated by a normal fold of 
mucosa, and about 4 cm. proximal to the scars was an active nodular 
thickening, covered with congested mucosa. The second specimen, sixty- 
three days old, contained a well healed irregular scar, and less than 1 cm. 
from its proximal end occurred a nodule with a minute apical ulcera- 
tion, which led down through a sinus to a hemorrhagic region in the 
submucosa. In the third specimen (fig, 2 a ) , which was eighty-nine days 
old, there was no evidence of a primary lesion, but on the anterior 
surface of the corpus, close to the antrum and the greater curvature, 
the mucosa presented an active buttonhole ulcer with a hemorrhagic area 
in the submucosa. 

COMMENT 

The inoculations led to the production of a large number of gross 
lesions as seen at autopsy. A wide variety of lesions was obtained in 
which to study the evolution of the amebic process in the stomach. Many 
phases of development from the acute to the completely healed stage were 
seen, and in the active lesions occurred numerous forms of transition 
from erosions of the most superficial kind to excavations of a deep and 
extensive nature. The earliest reaction to the inoculation consisted of 
a hemorrhagic exudation into the submucosa, which became so extensive 
that the involved layer, as well as the mucosa above, was deprived of 
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its blood supply. The necrosis which followed in the devitalized 
mucosa was in part due to the action of the gastric juice ; this action was 
later responsible for the conversion of the hemoglobin into acid hematin, 
the formation of which caused the black discoloration in the tissues of 
the floor and sides of the excavation. The infectious process set up 
by the inoculations in the more susceptible animals became widespread, 
manifesting extensive lateral involvement and spreading to all layers of 
the gastric wall. The destructive process differed, however, from the 
processes produced by other types of experimental infection of the 
stomach, particularly in the dog, in that it failed to heal promptly; in 
some primary lesions it remained active for as long as eighteen days, 
and if the lesions appearing at secondary sites are included in the con- 
sideration, the duration of activity exceeded three months. Signs of 
healing were apparent, of course, as early as the fourth day in the less 
susceptible animals, and the earliest completely healed lesion was obtained 
on the sixteenth day after inoculation. 

The histologic study of the lesions revealed the unexpected fact that 
the extent of necrosis in the stomach was out of all proportion to the 
number of amebas found in the tissues. Most of the sections failed to 
show amebas. In the sections from only two lesions were amebas 
identified ; the one specimen occurred in a dog and the other in a cat, and 
about 10 to 15 amebas were found in the serial sections of each. No 
cause can be cited for the disappearance of the amebas from the gastric 
lesions. Hara^^ made a study of the disappearance of amebas within 
the intestines of cats and found that the amebas were greatly affected 
within an hour after death of the infected animal and that after two 
hours the great maj ority of them were almost ready to disappear. Hiyeda 
and Suzuki observed that the time of disappearance was longer than 
that quoted by Kara and concluded that the amebas disintegrate in tire 
tissues as a result of postmortem degeneration. 

The possibility exists that the gastric juice exercises a destructive 
action on the amebas after death of the host. The specimens containing 
amebas in our series were fixed at different intervals, the one from the 
dog immediately after death and the one from the cat about twelve 
hours after death. In the sections from the specimen fixed immediately 
after death the surface epithelium between the gastric pits was in an 
excellent state of preservation, and the same might have been expected 
of the amebas unless amebas are more sensitive to the action of gastric 
juice. 

From the experimental results it follows that E. histoljflica was able 
to survive in its vegetative form in the base and sides of each of two 

17. Kara, S., cited by Hiyeda and Suzuki.^® 

18. Hiyeda, K., and Suzuki, M.; Am. J. Hyg. 15:809, 1932. 
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lesions, unaffected by the gastric juice during the life of the host. This 
characteristic of the amebas in resisting the action of hydrochloric acid 
seems almost incontestible, because amebas with typical structural 
arrangement in the nucleus and cytoplasm were recovered three and four 
days after inoculation. The experiment by Dobell, which demonstrated 
the resistance of the trophozoites of E. histolytica to acid in vitro, finds 
corroboration in our experiments in vivo. Critical data with which to 
explain the phenomenon of resistance to acid in E. histolytica were not 
obtainable. It is possible that the cultured forms colonized and repro- 
duced in the looser, more vascular tissue of the submucosa and by an 
adaptation to the antagonistic conditions of the stomach acquired an 
immunity which enabled them to continue the invasive process even in the 
presence of gastric juice. Different types of trophozoites are recognized 
by Hegner, Johnson and Stabler,^** but Arnold stated that he knew of 
no instance in which parasites underwent changes in virulency due to 
nutritional influences and emphasized that all investigations point toward 
changes in the natural defensive powers of the host. 

The part which the amebas took in the production of lesions in our 
experiments should be considered. The association of amebas with only 
two of the lesions in the series may not be sufficient proof that the rela- 
tion between E. histolytica and the primary lesions is one of cause and 
effect. Further evidence, however, of this causative relation is found 
in the close resemblance which all the primary lesions displayed, whether 
with or without amebas, to the typical amebic lesion of the intestine. The 
role played by the secondary invaders in the development of amebic 
lesions is perhaps not as great in the stomach as it appears to be in the 
intestine. The deterring action of gastric juice against all forms of 
bacteria is well known, and it is a significant fact that the cocci and 
bacilli found in the sections of our series occurred only in specimens 
in which fixation was delayed three hours or longer after death. 

The development of lesions at secondary foci, with all the charac- 
teristics of amebic lesions, constituted one of the most interesting 
phenomena of the experiment. Early secondary lesions occurred in close 
proximity to the primary site as long as three months after the initial 
inoculation. Though the ultimate course of the primary lesion was 
unquestionably toward cicatrization, with final restoration of the mucous 
membrane, it is apparent that the infectious process set up by the inocula- 
tions did not become extinct within a period of three months; the 
presence, moreover, of a healed lesion did not indicate a restitutio ad 

19. Hegner, R. W.; Johnson, C. M., and Stabler, R. M.; Am. J. Hyg. 15:394. 
1932 * 

20. Arnold, L.: Am. J. Digest. Dis. & Nutrition 1:351, 1934. 
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integrum, because of the occurrence of secondary lesions. At this junc- 
ture it may be of interest to consider the pathway pursued by the infec- 
tious process in its distribution from primary to secondary sites. Most 
of the secondary lesions were either nodular formations situated close to 
the surface in the mucosa or excavations communicating with the surface 
by means of sinuous tracts. These structural features indicate that the 
spread of the infectious agent was along the surface. One specimen, 
however, contained a small cavity in the mucosa which communicated 
neither with the surface nor with any adjacent lesion. But this apparently 
buried cavity is no evidence against surface dissemination, because it is 
quite possible that the infectious agent might perforate the surface or 
the wall of a gastric gland without leaving the slightest trace of its path. 

No tunnel-like communications were seen between the multiple 
lesions at secondary sites, nor did these lesions display any tendency 
toward coalescence. The absence of any inflammatory reaction in the 
tissues surrounding the sinuous tract or the excavation may be significant 
in explaining the mechanism of extension of the lesion; indeed, the 
failure in the formation of a fibrinous exudate or in cellular infiltration 
may predispose to a perforation of the gastric wall. 

That any essential dependence may exist between E. histolytica and 
the lesions formed at secondary sites may be questioned on the ground 
that none of the sections of these lesions contained amebas. In this con- 
nection it should be emphasized that the spontaneous occurrence of acute 
or chronic ulceration in healthy dogs and cats, if it appears at all, is rare. 
Turck reported that in necropsies on 189 healthy and 82 diseased dogs 
peptic ulceration was not found once. Mann did not find a single 
lesion of the gastric mucosa in more than 200 practically normal dogs 
and cats examined post mortem. Ivy with 900 healthy dogs found an 
acute gastric ulcer in a single dog (0.09 per cent), while petechial hemor- 
rhages and superficial hemorrhagic erosions occurred, respectively, in 
4.1 and 2.68 per cent of his series. The great morphologic similarity 
between the basic lesion of amebic disease and the secondary lesions 
in our series supports the theory of amebic origin of the latter. The 
activity of the amebas during the period between inoculation and the 
occurrence of the secondary lesions becomes a matter of interest if an 
amebic origin is assumed. In this interval it is quite possible that an 
equilibrium may exist between the vitality of the amebas and the defense 
of the host, and the appearance of a secondary lesion may indicate a 
breaking down of this equilibrium and the beginning of the invasive 
process. 

21. Turck, F. B.: J. A. M. A. 46:1853, 1906. 

22. Mann, F. C. : J. Exper. Med. 23:203, 1916. 

23. Ivy, A. C.: Arch. Int. Med. 25:6, 1920. 
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A considerable number of animals failed to show any gross lesion 
at autopsy. The failure in the development of a reaction after inocula- 
tion may be due to changes in either the amebas or the host. The micro- 
scopic study of the inoculum preceding inoculation did not reveal any 
morphologic changes in the cultured forms. There was variation in 
the motility of the amebas, but no relationship could be established 
between this variation and the intensity of the reaction in the host. The 
virulency of the amebas failed to show any change during the five months 
of cultivation ; in fact, the largest and most extensive ulcer occurred in 
a dog inoculated at the very end of the series. 

The resistance which the tissues of the host possess toward the toxic 
action and the penetrative ability of E. histolytica must be recognized. 
Unfortunately, little is known concerning the nature of the reaction 
in the unsusceptible animal. Kessel"^ expressed the belief that the 
resistance of the host is a more important factor than the difference in 
the racial virulence of the parasite, and Craig held that a natural 
immunity exists in some persons. There is a likelihood that the local 
immunity against the histolytic process is sufficiently effective to allow 
the formation of only very minute lesions, which heal so rapidly and 
promptly that no gross evidence of a tissue reaction is discernible. The 
procedure of inoculating 2 and sometimes 3 animals in succession on 
the same day from the same culture tube afforded an opportunity of 
studying the variation in resistance of hosts while the virulence of the 
parasites remained relatively constant. Three cats of approximately the 
same age and weight were inoculated in this manner and killed nine, 
sixteen and thirty-five days after inoculation ; a buttonhole ulcer occurred 
at the site of inoculation in the first, no visible lesion in the second 
and a number of superficial erosions in the third. 

The fact that the stomach of the dog and of the cat has been demon- 
strated to be experimentally infectible with E. histolytica renders it 
less certain that the human stomach always escapes invasion on exposure 
to amebic infection. It is claimed that E. histolytica is the only tissue- 
invading ameba which has been found in the digestive tract of man. 
Arnold,-® studying the bacterial flora of the gastrointestinal tract, 
observed that under certain conditions the stomach loses the power of 
controlling the bacterial life within its lumen. He illustrated the differ- 
ence in the nature of the bacterial flora of the stomach in the normal 
condition, in the hypo functioning state and in the acute gastric upset, 
and suggested that a similar mechanism may underlie the control of 

24. Kessd, J. F.; J. A. M. A. 90:1089, 1928. 

25. Craig, C. F. : Amebiasis and Amebic Dysenterj% Springfield, 111. Charles 
C. Thomas, Publisher, 1934. 

26. Arnold, L.: Am. J. M. Sc. 186:471, 1933. 
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parasitic infection. In our series the amebic lesion resembled in many 
respects the gastric ulcer occurring in man. Some of the manifestations 
common to both are ; the localization of the lesion to the stomach ; the 
predominance of single over multiple lesions, with the absence of any 
coalescence of the latter ; the tendency of the process to extend through 
all the layers of the gastric wall, with the danger of perforation, and, 
finally, the marked tendency toward recurrence. These characteristics 
suggest a relation between E. histolytica and the genesis of gastric 
ulcer in man. , 

SUMMARY 

In 51 dogs and 8 cats the pyloric submucosa was inoculated with 
three strains of cultured forms of E. histolytica isolated from man. 
The inoculations gave rise to gross lesions in 36 dogs and 5 cats. Death 
occurred in 15 dogs and 2 cats in which no lesions were found other 
than the experimental gastric lesions. Sections of two specimens in 
the series showed amebas with a typical structural arrangement of 
nucleus and cytoplasm, indicating that E. histolytica can exist in its 
vegetative form in the base and sides of a lesion in the gastric wall, 
unaffected by the action of gastric juice during the life of the host. 
Early secondary lesions occurred in close proximity to the primary 
lesions as long as three months after inoculation. 

The many characteristics which the resulting lesions possessed in 
common with the so-called peptic ulcer of the human stomach suggest 
the possibility of a causative relation between gastric ulcer in man and 
E. histolytica. 



INTESTINAL LESIONS IN CONGENITAL SYPHILIS 

A IIISTOI.OGIC STUDY, WITH A REPORT OF THREE ADDITIONAL 
CASES, IN ALL OF WHICH SPIROC^IETES 
WERE IDENTIFIED 

RIGNEY D’AUNOY, M.D. 

AND 

BJARNE PEARSON, M.D. 

NF.W OULFANS 

Involvement of the intestine in congenital syphilis is distinctly 
unusual. Even in 1900, when the incidence of irank syphilitic lesions 
was considerably more frequent than it is at the ]iresent time, Obern- 
dorfer ^ was able to collect from the literature only 24 cases, to which 
he added 1 instance of his own. Fraenkel " found only 3 cases in 
19,000 autopsies. Among 8,856 consecutive postmortem records from 
the Charity Plospital of Louisiana at New Orleans reports of only 3 
cases were found. These constituted 1.3 per cent of the 230 cases of 
syphilis in infants who came to autopsy in that institution during the 
period from Jan. 1, 1929, to Jan, 1, 1937, 

The frequency with which gastrointestinal syphilis is found in con- 
genitally syphilitic infants varies with different authors and obviously 
depends on the amount of material available and the care with which 
each body is examined. Thus Foerster “ found the typical lesion only 
once in 36 cases of congenital syphilis, whereas Mracek found it ten 
times in 200 cases, and Cliiari ® noted it seven times in 111 cases. The 
statistics of Birch-Iiirschfeld," collected in 1875, show an incidence of 
12,5 per cent, and Oluf Thomsen’s ^ statistics, collected in 1928, show 

From the Department of Pathology and Bacteriology of the School of Medicine 
of Louisiana State University and from the Charity Plospital of Louisiana at 
New Orleans. 
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an incidence of 8.3 per cent. The incidence of 1.3 per cent (3 of 230 
cases) which we have found is low, but this is not surprising. Intes- 
tinal syphilis is practically always associated with more severe visceral 
lesions, and the frequency of such lesions, according to syphilographers, 
has been markedly decreased during recent years by the rather universal 
application of intensive anti syphilitic therapy. 

The purpose of this paper is twofold : to put on record the 3 cases 
of intestinal syphilis observed, in all of which spirochetes were identified, 
and to describe the gross and microscopic lesions. Our justification for 
making the report lies in the fact that to date the number of cases on 
record in which spirochetes have been identified is very small, and in 
the fact that none of these cases is recorded in either the English or 
the American literature. Indeed, so far as we have been able to deter- 
mine, only a single case of intestinal S3^philis is on record in this litera- 
ture. The report of this case, which was made by Yampolsky and 
Fowler ® in 1936, concerns a newborn, full term girl who died an hour 
after birth. Blood from the umbilical cord gave a strongly positive 
Wassermann reaction, and a roentgenogram of the bones was suggestive 
of syphilis. Ascites was present, and slight adhesions between two 
loops of jejunum were noted. The syphilitic lesions were in the upper 
portion of the jejunum ; they did not involve the mucosa and, according 
to the authors, resembled tubercles. Apparently spirochetes were not 
searched for. The case was somewhat unusual because of the character 
of the gross lesion and the absence of other visceral lesions. 

In some 50 per cent of the reported cases of intestinal syphilis, the 
process was observed in stillborn or macerated fetuses. In 27 per cent 
the children were born alive but death occurred shortly after birth or 
within twenty-four hours. A few others lived from ten days to three 
or four weeks. Ljunggren’s ® subject lived to the age of 2 years, and 
Roth’s and Birch-Hirschfeld’s each lived to the age of 3 years. 

In recent years, since the specific etiologic agent of syphilis has been 
identified, special stains for spirochetes have been used in the study of 
the tissues of the syphilitic infants in some reported cases of intestinal 
syphilis, but the organism has not always been identified. Ku found 
spirochetes in only 2 of the 4 cases which he reported, though in all 4 
cases the lesion itself, as well as the associated visceral involvement, 
was characteristic. Spirochetes were first identified in the intestine by 
Verse in 1906. Since then they have been found by Fraenkel,^® 

8. Yampolskj% J., and Fowler, C. D.: J. M. A. Georgia 25:154, 1936. 

9. Ljunggren, A.: Arch. f. Dermat. u. Syph. 2:141, 317 and 547, 1870. 

10. Ku, D. Y. : Virchows Arch. f. path. Anat. 280:852, 1931. 

11. Verse, M.: Med. Klin. 2:626, 653 and 682, 1906. 

12. Fraenkel, E. : Miinchen. med. Wchnschr. 54:156, 1907. 
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Thomsen, Warstat,^^ Ku (in the 2 cases just referred to) and 
ICernaud® To these cases we add 3 cases, in each of which spirochetes 
were found in abundance in the intestinal lesions, as well as in the 
other organs. 

In nearl)^ all cases of congenital intestinal syphilis there is associ- 
ated involvement of one or more other organs. In more than half 
of the reported cases the liver was involved, and the lungs were involved 
in slightly less than half. Weber’s osteochondritis was noted in half 
the cases and cutaneous involvement in nearly a third, syphilitic pem- 
phigus being the most prominent lesion. In Roth’s patient, the 3 year old 
child just referred to, the intestinal lesion was associated with encepha- 
litis and periostitis. Periostitis usually occurs considerably later in 
life, and encephalitis is also uncommon. Another case of interest was 
reported by Foerster ; ® in this case there was an associated fibrous 
inflammation of Glisson’s capsule, an association, according to Thomsen, 
which occurs in 11.61 per cent of all cases of congenital syphilis. 

Of particular interest is the association of intestinal syphilis and 
syphilitic lesions of the stomach. In 8 of the 25 cases collected by 
Oberndorfer^ this association was noted, and it was also present in 6 
of the 15 cases of gastric syphilis, congenital in 7 of them, which he 
put on record in the same communication. Oberndorfer was impressed 
with the frequenc}’- of the association, as was Brunner,^® though the 
latter considered that intestinal syphilis is more frequent than gastric 
syphilis. 

By far the most common lesion in congenital intestinal syphilis is a 
raised yellow plaquelike band. These bands occur at irregular intervals 
on the intestinal wall and tend to encircle the bowel completely. They 
stand out prominently if the bowel is at all distended when the abdomen 
is opened. In these areas, in over half of the reported cases multiple 
ulcerations were observed, and perforation was frequent. The latter 
was noted in Mracek’s,^ Jurgens’ and Ku’s cases, as well as in a 
case of our own, and in all it was followed by generalized peritonitis. 
Even when perforation has not occurred, adhesion of adjacent coils of 
bowel may occur at points of involvement by a plastic exudate, and 
peritonitis can be present without perforation. This happened in 2 of 
our cases, as well as in cases reported b}’- Ku and Fraenkel.^^ 

13. Thomsen, O., cited by Schneider, P.; Verhandl. d. deutsch. path. Gesellsch. 
23:177, 1928. 

14. Warstat, G. : Virchows Arch. f. path. Anat. 212:195, 1913. 

15. Kemau, T.; Centralbl. f. allg. Path. u. path. Anat. 64:5, 1935. 

16. Brunner, C. : Tuberkulose, Aktinomycose, Syphilis des Magen-Darmkanals, 
Stuttgart, Ferdinand Enke, 1907; in Billroth, T., and Liicke, A.: Deutsche 
Cliirurgie, ibid., 1907, no. 46e, p. 333. 

17. Jurgens, cited by Ku.i® 
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Other types of lesion have also been described. Birch-Hirschfeld 
reported diffuse thickening of the intestinal wall.. Peyer’s patches may 
be so extensively involved that they are visible on gross inspection, and 
lesions resembling small gummas may also be identified. 

Schneider expressed the belief that intestinal syphilis occurs most 
frequently in the upper portion of the small intestine, and Herxheimer,^'’ 
that the jejunum is the most frequent site. The recorded cases seem 
to show a slight predilection for the lower part of the ileum and for 
the ileocecal region. In about a third of the cases the lesions are 
chiefly in the ileocecal region; in the remaining cases the distribution is 
about equal in the upper part -of the ileum and the lower and upper 
parts of the jejunum. Localization in the duodenum is not common 
and when it occurs is most marked about the papilla of Vater. Ku’^® 
described 2 cases in which both the jejunum and the duodenum were 
involved. Roth (quoted by Oberndorfer reported another unusual 
case in Avhich the process was localized in the transverse colon. In 
our cases the lesions occurred variously in the lower part of the 
jejunum and in the ileum, in the upper part of the jejunum and lower 
part of the ileum, and throughout the small bowel. 

From the histologic standpoint syphilitic lesions in the intestinal 
tract have frequently been described as gummas. In 1913 Aschoff 
pointed out that true granuloma is rare, and advanced the view that the 
specific miliary foci in congenital syphilis are chiefly the result of an 
acute inflammatory reaction such as occurs in abscess formation. Schnei- 
der divided the specific foci in congenital syphilis into three categories : 
miliary necrosis, abscess-like miliary foci and true miliary granuloma. 

The histologic lesions consist essentially of necrosis of the mucosa 
and submucosa plus severe endarteritis. Proliferation of young con- 
nective tissue is usually abundant and involves the whole intestinal 
wall, especially when it is in the diffuse sclerotic form. Abscess-like 
miliary foci may also be seen, as in all our cases and in those reported 
by Ku.^° Herxheimer -® considered this lesion to be due to an espe- 
cially heav)'^ infection with spirochetes. Granulation tissue is stimulated, 
and leukocytes wander in from the periphery. In some areas the 
mucosa may be intact but may show severe atrophy and replacement by 
granulation tissue. 

Spirochetes, when thej'^ are found, are most abundant at the margins 
of the areas of necrosis. They are also abundant in the vascular walls 
and in the periA^ascular area. In Ku’s cases they were most fre- 
quent in the mucosa and in the perivascular tissue. 

18. Schneider, P. : Verhandl. d. deutsch. path. Gesellsch. 23:177, 1928. 

19. Herxheimer, G. : Ergebn. d. allg. Path. u. path. Anat. 12:499, 1908. 

20. Herxheimer, G. : Verhandl. d. deutsch. path. Gesellsch. 23:144, 1928. 
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The 3 cases of congenital intestinal syphilis observed at the Charity 
Hospital during the eight year period ending in 1937 are presented 
herewith. Only observations relevant to congenital syphilis in general 
and intestinal syphilis in particular are recorded. 

report of cases 

Case 1.— The body was that of a premature, stillborn Negro boy, well developed 
but poorly nourished, measuring 40 cm. in length and weighing 3yi pounds (1,533 
Gm.). The skin was slightly macerated. The lungs were firm in consistency, 
leathery to the touch and grayish pink; they presented no aeration. The liver 
was markedly enlarged, and its capsule was smooth and glistening. The tibia 
showed syphilitic osteochondritis. 

In the wall of the small intestine were numerous small cheesy purulent areas. 
The loops of the bowel were adhcient to one another, and many of the ulcerated 
areas had perforated, so that intramtcstinal communications were numerous. 











1. Photograph of the small intestine in a case of congenital intestinal syphilis. 
Note the tendency of the plaquelike lesions to encircle the bowel. 

The gross diagnosis was congenital syphilis with involvement of the intestine, 
liver, spleen, lungs and bones. Spirochetes were found in abundance in all the 
mtcrnal organs. 

Case 2. — The body was that of a picmaturc Negro girl who lived for twenty- 
seven minutes. It was well developed and well nourished. The crown-rump 
length was 25 cm , and the crown-heel length, 37 cm. It weighed AVz pounds 
(2,041 Gm.). There was a slight icteric tinge over the whole body. 

The lungs were pale pink, with areas of consolidation. The liver, which 
weighed 125 Gm., was firm and light brown. The surfaces exposed by cutting 
were light brown and mottled, and the markings were indistinct. The spleen, 
which weighed 40 Gm., was dark red. The surfaces exposed by cutting were 
firm and fibrous. The pancreas was yellow, slightly enlarged, nodular and firm 
The surfaces exposed by cutting revealed distinct lobulations. Section through the 
femur showed distinct syphilitic osteochondritis. 
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The upper coils of the small intestine were markedly distended, and there were 
fine adhesions between the cecum, the lower part of the ileum and the parietal 
peritoneum, which was thickened. Yellow plaquelike elevations, about 0.5 cm. in 
width, encircled the ileum at intervals of about 4 cm. throughout its length. At 
least half of the jejunum was similarly involved. There were occasional areas 
of necrosis, and corresponding areas of the mucosa showed definite ulcerations. 
The cecal mucosa was thickened. No ulcerations were present in the stomach, 
duodenum or esophagus. 

The gross diagnosis was congenital syphilis with involvement of the intestine, 
liver, pancreas and bone. All the internal organs showed spirochetes in abundance. 

Case 3. — The body was that of a premature Negro boy who lived for three 
hours. The crown-rump length was 28 cm., and the crown-heel length, 43 cm. 
The weight was 4 pounds (1,814 Gm.). A slight icteric tinge was present, but 
there were no gross lesions of the skin. The abdomen was distended, especially 
in the upper portion. 

The left lung weighed 30 Gm., and the right, 35 Gm. Both were light pink 
and rather firm, with whitish areas throughout. Little air-containing tissue could 
be seen. The cut surface felt rather firm. 

The liver extended to the left, and almost to the anterior superior spine of 
the ileum. It weighed 165 Gm. and was dark brownish and rather firm. The 
surfaces exposed by cutting were dark brown, firm and homogeneous, and normal 
markings were absent. The pancreas, which was approximately normal in size 
and weight, was slightly nodular and very firm. The surfaces exposed by cutting 
were also firm and slightly nodular. The bone showed typical syphilitic epiphysitis. 

Neither the esophagus nor the stomach revealed anj' evidence of ulceration or 
of tumor. The duodenum also was normal except for marked accentuation and 
outpouching of the papilla of Vater. There were numerous elevated circular 
thickenings of the upper portion of the jejunum and the ileum, which were 
approximately from 0.5 to 1.5 cm. in width and from 0.5 to 0.75 cm. in thickness. 
In some areas these bands encircled the bowel ; in others they were most prominent 
on the antimesenteric border. On the jejunum these lesions were about 1.5 cm. 
apart. They became less numerous as the ileum was approached and in its first 
portion were about 10 cm. apart. In the distal part of the ileum they were more 
numerous and were 2 or 3 cm. apart. Some of these areas exhibited central 
ulceration, but the majority showed only a thickened plaquelike elevation. The 
appendix, cecum, transverse colon, sigmoid and rectum revealed no abnormalities. 

The gross diagnosis was congenital syphilis with involvement of the lung 
(pneumonia alba), liver, intestine, pancreas and bone. Spirochetes were found in 
abundance in all the internal organs. 

MICROSCOPIC OBSERVATIONS IN CASES I, 2 AND 3 

Since the histologic changes in all 3 cases were practically the same, they will 
be described jointly, with particular reference to those in the intestine. The other 
organs revealed the histologic appearances specific for the diagnosis of syphilis. 
Present in all 3 cases was marked interstitial pancreatic fibrosis — a change 
mentioned in not more than 15 per cent of the other reported cases. To judge 
from our observations, this is the most common, definite and reliable pathologic 
change in congenital syphilis. We have found it in all cases in which there was 
visceral involvement, and Thomsen stated that it occurred in 86.9 per cent of all 
cases of congenital syphilis. 
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The liver, spleen and lungs showed syphilitic involvement in all 3 cases, the 
lungs exhibiting pneumonia alba in all. All these organs showed spirochetes in 
abundance. 

Sections through the involved areas of the intestinal wall showed absence of 
mucosa in the ulcerated areas. Both the mucosa and the submucosa showed necrosis 
of the fibroblastic tissue, only a few well stained plasma cells and endothelial 
leukocytes being seen. At the periphery this necrotic area merged into an area 



2 . Bowel wall showing infiltration of the mucosa and submucosa with plasma 
cells and fibroblastic tissue. Miliary abscess-like foci, such as can be seen in the 
lower portion, are an important early finding in intestinal syphilis. 


composed chiefly of young fibroblasts and many newly formed capillaries. Within 
the meshes of this newly formed granulation tissue were many plasma cells and 
endothelial leukocytes. In some miliary areas of necrosis the granulation tissue 
was very faint. Some cellular infiltration with leukocytes could be seen. In the 
area of granulation tissue pyknosis of the nuclei of cells was frequent. The mus- 
cular portions, as well as the adventitia, showed many dilated vessels, which were 
filled with red cells. Some of the red cells had extravasated into the surrounding 
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tissue and were there broken up into hemosiderin. The hemosiderin, together with 
the many fat cells present throughout, was probably responsible for the yellowish 
color. The muscular layers of the intestine were well infiltrated with leukocjdes, 
which showed pyknosis. Plasma cells were present in abundance. In some places 
the muscular layers had been replaced by }'oung granulation tissue. Endarteritis 
was marked. 

The earlier lesions in intestinal syphilis could be studied best in areas of 
transition from normal mucosa to more involved portions. Here the plasma cells 



3 . Older lesion showing presence of more mature fibroblasts and replacement 
of the intestinal Ia3"ers with definite fibrous tissue. Note the beginning fading-out 
and necrosis of the fibroblasts. Note also the thickening of the wall and the 
splitting of its la3'^ers in the blood vessel. 


were numerous, and while the deeper mucosal glands could still be seen they tended 
to disappear as plasma cells became more numerous and as an early fibroblastic 
reaction occurred. The mucosa then became transformed into young granulation 
tissue. 

In the submucosa could be seen many miliary syphilomas, corresponding to the kind 
described b3’^ Schneider as “abscess-like" miliary foci. We believe that such lesions 
represent early, stages of the process and that manx'' later become necrotic. Various 
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combinations of the necrotic and the abscess-like forms were seen. The abscess- 
like areas were present only when granulation tissue was present, and no giant 
cells could be seen in any portion. The vessels in the submucosa and in the more 
normal portions showed extreme dilatation. Little perivascular infiltration could 
be seen. The newly formed fibroblastic tissue tended to encircle the small vessels 
in such a manner that on first glance it seemed to be an actual part of the wall 
of the vessel. The arrangement, however, was apparent and not real; usually 
there was a small space between this tissue and the arterial wall proper. 



4. Section from the wall of the ileum, stained by Levaditi’s method, showing 
numerous spirochetes, some undergoing degeneration (oil immersion). 


Spirochetes in abundance were easily demonstrated by silver stains throughout 
the bowel wall. Degenerated club forms could also be seen. The spirochetes in 
sections were most numerous around the small vessels and within the "walls of 
vessels. They were present throughout the various tunics of the bowel, even in 
the necrotic areas, where, however, they were less numerous. They lay in the 
same planes as the muscle fibers, and the contrast between the longitudinal and 
the circular distribution was striking. 
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SUMMARY 

Congenital syphilis with intestinal involvement was uncommon even 
before the era of general specific therapy and is even less frequent 
at this time. More than 75 per cent of all cases are observed in 
macerated stillborn infants and infants who live less than twenty-four 
houi's. Some type of visceral involvement is always associated with 
the intestinal lesion ; most usually it is an involvement of the liver or of 
the lungs. Involvement of bone is also frequently associated with the 
intestinal lesion. 

The most common and most characteristic intestinal lesion is a 
raised yellow plaquelike band which encircles the bowel. Generalized 
peritonitis may follow ulceration and perforation of these areas but may 
also occur in absence of frank rupture. The syphilitic process is chiefly 
confined to the small intestine; it has a special predilection, from the 
standpoint of number of lesions and intensity, for the last portion of 
the ileum. 

The lesions include necrosis of the mucosa and submucosa of the 
involved areas, miliary syphiloma and abscess-like foci. Vascular dilata- 
tion, followed later by fibroblastic reaction, probably occurs earliest in 
the mucosa and submucosa. Subsequent necrosis is frequent. Replace- 
ment of the whole bowel wall with fibroblastic tissue is common in the 
more severely involved portions. 

Spirochetes, when they can be identified, are seen in all the layers 
of the bowel and are especially prominent in the perivascular tissues, and 
in the vessel wall. In the muscular coats they tend to lie in the direction 
of the muscle fibers. 

We have put on record, with a complete histologic study, 3 cases of 
congenital intestinal syphilis, in all of which spirochetes could be 
demonstrated. 



PATHOLOGIC CHANGES IN THE NERVOUS 
SYSTEM IN YELLOW FEVER 


LEWIS D. STEVENSON, M.D. 

NEW YORK 

In a study of small pieces of brain tissue from 14 persons who 
died of yellow fever, it was found that there was marked perivascular 
hemorrhage in various parts of the brain in most of these persons. 
In view of this finding it w’as thought desirable to obtain, if possible, 
the whole brain in cases of this disease in order to determine the 
localization of the hemorrhages and to study any other change from 
the normal that might be present in the brain in yellow fever. Accord- 
ingly the whole brain was obtained and studied in 20 cases. 

METHODS 

Sections were made as far as possible through the superior frontal g 3 Tus, 
the paracentral lobule, various parts of the temporal lobe, the occipital lobe, the 
cerebellum, the periventricular and subthalamic region at the level of the mamillary 
bodies, the midbrain, the pons and the medulla, and through the spinal cord in 
3 cases. In some cases sections were made also through the lenticular nucleus 
and tlie insula. Some of the brains were partly spoiled for study because of 
postmortem softening, so that the regions studied were not identical in all cases. 

Masson’s trichome stain was used to demonstrate hemorrhages, and all embedded 
sections were embedded in pyroxylin. Hematoxylin and eosin stains were also 
used to demonstrate cellular exudate in the meninges or in the brain. Prepara- 
tions of myelin sheaths were made in many cases by Loyez' i method. Weigert’s 
stain for elastic tissue, with counterstaining by Van Gieson’s method, was used in a 
study of the blood vessels in several cases. Nissl’s stain was used for a study 
of the nerve cells in som6 cases. Frozen sections were stained for neuroglia by 
Hortega’s method as modified by Globus, also for fat and microglia, in all instances. 

GENERAL OBSERVATIONS 

After fixation the appearance of these brains seldom varied from 
the normal. In some instances the pathologist who made the necropsy 

From the Department of Pathologj', Cornell University Medical College, and 
New York Hospital. 

The pathologic tissues examined in this study and the information regarding 
the illnesses were obtained through cooperation of the International Health 
Division of the Rockefeller Foundation. Tissues and data were supplied from 
Brazil through Dr. Fred L. Soper, Dr. John E. Elmendorf Jr. and Dr. J. A. Kerr, 
of the staff of the International Health Division, and Dr. Amadeu Fialho, pathologist 
of the National Department of Health of Brazil; and from Colombia through 
Dr. J. H. Paul and Dr. E. R. Rickard of the International Health Division. 

1. Loyez, M. : Compt. rend. Soc. de biol. 62:541, 1910. 
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Stated that the cerebrum and other parts of the brain were congested. 
Occasionally a few hemorrhagic spots were noted, and in case 6 
there was opacity of the cerebrospinal fluid. 

Microscopic examination showed fibrous thickening of the arachnoid 
in several cases, but this was usually normal for the age of the patient. 
Once or twice slight subarachnoid hemorrhage was encountered. 

In all of the cases perivascular hemorrhages were found. Various 
parts of the temporal lobe and the region at the level of the mamillary 
bodies were the most frequently affected by the hemorrhages. These 
hemorrhages were small and usually, although not always, confined to 
the spaces about small arteries, as well as veins, and often about capil- 
laries. Occasionally a small hemorrhage was noted with no vessel 
visible from which it was derived. A slight amount of perivascular 
edema was noted in some of the cases. 

There was little evidence of lymphoc 3 dic infiltration of the Virchow- 
Robin spaces or of the meninges. In 9 cases a few infiltrating lympho- 
cytes were seen. No significant loss of myelin was noted in any 
case. The neuroglia was normal in appearance in all but case 2, and 
in most of the cases no abnormal amount of fat was seen. The microglia 
was increased in some cases. The walls of the blood vessels were 
normal except where hemorrhage had distorted and compressed them. 
The nerve cells in most of the cases studied varied little from normal, 
and no inclusion bodies were seen in the cells of the hippocampus or 
elsewhere. 

Much of the hemorrhage in these cases was seen in the sections 
through the mamillaiy bodies and optic thalamus. The hemorrhages 
in this region were usually near the lining of the third ventricle, 
in the subthalamic region and near the mamillaiy bodies. Similar 
hemorrhages were found in this situation in cases of alcoholic encephal- 
opathy, so that this lesion in the subthalamic region is not peculiar to 
yellow fever. The impression was gained that the lesions in these 
cases were due to some toxin circulating in the brain and spinal cord 
in yellow fever. There was little if any evidence of inflammation in 
the nervous system. There was little suggestion of those changes 
usually seen in virus infections of the brain. 

J 

REPORT OF CASES 

Case 1. — The brain was that of a man aged 62, whose illness lasted seven 
days and twenty-two hours. At necropsy the meninges were described as slightly 
congested. There was fibrous arachnoiditis consistent with the age of the patient, 
with a few red blood cells in the meshes of the pia-arachnoid over the paracentral 
lobule. The capillaries were congested in this region, but there was no significant 
edema and no lymphocytic exudate in any of the sections examined. Perivascular 
hemorrhages were present in the olfactory tract, the paracentral lobule, a site 
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near the lining of the third ventricle (these were perivenous for the most part), 
the temporal pole, the pons and the cerebellum. Sections through the cerebellum 
showed pericapillary and periarterial hemorrhages near the dentate nucleus. The 
neuroglia, microglia and fat seemed to be normal. 

Case 2.— This brain was from a white man aged 20 years, whose illness lasted 
five days and twenty-one and a half hours. Hemorrhages were found in the frontal 
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Fig. 1 (case 2). — Section through the pons showing a slight perivascular exudate 
of lymphocytes and perivascular edema. Hematoxylin and eosin stain. 


and temporal poles. The neuroglia, microglia and fat were normal. In the pons 
there were a few lymphocytes in the perivascular spaces about one or two vessels 
(fig. 1). There was some edema in the occipital pole and in the paiacentral lobule. 
This brain was rather badly decomposed in places so that only a limited study 
was possible. 
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Case 3. — The brain was from a white man. aged SS,- whose illness lasted six 
days and five and a half hours. At necropsy the meninges were described as slightly 
congested. Perivascular hemorrhages were found in the superior frontal gyrus, 
the hippocampus, the occipital lobe, the insula, the region at the level of the mamil- 
lary bodies, the lenticular nucleus, the midbrain, the pons and the cerebellum. 
There was a slight subarachnoid hemorrhage over the cerebellum. In the midbrain 



Fig. 2 (case 3). — Frozen section through the pons showing a hemorrhage and 
at the edge of the hemorrhage some astrocytes in small clusters. Hortega’s silver 
carbonate stain for astrocytes. 


a few lymphocytes were present in the adventitia of one or two vessels. NissI 
stains of the superior frontal gyrus showed no significant changes. The Weigert 
stain for elastic tissue with Van Gieson counterstaining showed normal blood 
vessels. Sections of the superior frontal gyrus stained with Loyez' stain for 
myelin sheaths showed no loss of myelin. The astrocytes in this brain were 
increased in number, and figure 2 shows them reacting to the hemorrhage. 
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Case 4.— This specimen was from a white man aged 38, whose illness lasted 
six days and six hours. Perivascular hemorrhages were found in the frontal pole, 
the superior frontal gyrus, the paracentral lobule, the occipital pole, the region 
about the third ventricle, the hippocampus, the pons, the medulla and the cerebellum. 
In the section at the level of the mamillary bodies marked periventricular hemor- 
rhages were present, although none w'ere seen in the mamillary bodies themselves 



Fig. 3 (case 4).— Section at the level of the mamillary bodies showing a peri- 
venous hemorrhage in the subthalamic region midway between the mamillary body 
and the massa intermedia. Masson’s trichrome stain. 


(figs. 3 and 4). There was slight ependymitis in this section, and a few lympho- 
cytes were seen in the adventitia of one or two of the vessels. The astrocytes 
in the hippocampus and superior frontal gyrus were normal. Nissl stains of the 
superior frontal gyrus showed no significant change in the nerve cells. Silver 
carbonate stains of the temporal lobe and superior frontal gyrus showed sclerotic 
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change in the nerve cells (fig. 5) and an increase in the microglia and fat. Some 
transitional microglia cells were seen. 

Case 5. — This was the brain of a white man aged 36, whose illness lasted six 
and a half days. Perivascular hemorrhages were found in the frontal pole, the 



Fig. 4 (case 4). — Hemorrhages in the periventricular region at the level of 
the mamillary bodies. The epend 3 'ma lining the third ventricle can be seen. Masson’s 
trichrome stain. 


paracentral lobule and the temporal pole. The astrocytes were normal. The 
microglia and fat were normal. 

Case 6. — ^The brain was that of a white boy aged 10j4 years Avhose illness 
lasted six and a half days. Perivascular hemorrhages were found in the frontal 
pole, the paracentral lobule, the temporal pole, the temporal lobe, the region about 
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the third ventricle and the medulla. The neuroglia, microglia and fat were normal. 
There was some fibrous thickening of the arachnoid over the superior frontal 
gyrus, and perivascular edema was present in this region also. 

Case 7. — The brain was from a white man aged 24, whose illness lasted five 
days and twenty-one hours. Perivascular hemorrhages were seen in the para- 



Fig. 5 (case 4) — ^Frozen section through the superior frontal gyrus showing 
slight sclerosis of ganglion cells with some increase of fat. Hortega’s silver 
carbonate stain with Sudan III. 

central lobule, the temporal pole, the region about the third ventricle, the occipital 
pole and the cerebellum. There was edema in the paracentral lobule. The 
neuroglia and fat were normal. The microglia w'as somewhat increased in amount. 

Case 8 The brain was that of a white man aged 48, whose illness lasted seven 
days and six hours. At necropsy it was stated that the veins were much dilated 
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over the cerebrum and that there were small hemorrhagic spots. The cerebellum, 
pons and medulla were congested. Perivascular hemorrhages were present in the 
superior frontal gyrus, the paracentral lobule, the temporal lobe, the occipital pole, 
the tissues about the third ventricle, the midbrain, the medulla, the cerebellum, the 
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the nerve cells. There was an unusually large amount of fat in the nerve cells 
of the temporal pole for a man of this age; the microglia cells in this region were 
normal, although there was some fat about the blood vessels in places. In the 
temporal pole there was some increase in the subpial neuroglia. 



Fig. 8 (case 11). — Section through the lower cervical region of the spinal cord 
showing some lymphoc 3 'tes about a blood vessel in the anterior horn of the gray 
matter and perivascular edema. Hematoxylin and eosin stain. 


Case 10. — This was the brain of a white man aged 26, whose illness lasted 
five days. At necropsj’^ the meninges were reported as apparently normal. The 
cerebrum, cerebellum and pons were apparentlj"^ normal. Perivascular hemorrhages 
were seen in sections from the temporal lobe and subthalamic region. The microglia 
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was slightly increased in parts of the temporal lobe. The fat in the nerve cells 
was normal. The neuroglia was normal. 

Case 11. — The brain was that of a white man aged 41. Sections from the 
temporal pole, the optic thalamus and tlie midthoracic and lumbar regions 
of the spinal cord (fig. 7) showed perivascular hemorrhages. There was some 
perivascular edema, also some pyknosis of nerve cells, in the superior frontal gyrus. 
The microglia cells were well stained in parts of the temporal pole, with some 
transitional forms. Fat was normal in amount in the nerve cells. The neuroglia 
was slightly increased in the white matter of the temporal pole. Sections through 
the cervical region of the cord showed some perivascular lymphocytes (fig. 8). 

Case 12. — The brain was from a white man aged 27, whose illness lasted four 
days and two hours. Perivascular hemorrhages were found in the temporal lobe, 
hippocampus and subthalamic region. The brain was reported to have no unusual 
appearance at necropsy. An occasional lymphocyte was seen in the adventitia of 
a blood vessel here and there. The microglia in the temporal lobe was slightly 
increased in amount, and a few transitional cells were seen. Fat was increased in 
the cells and about the vessels slightly. The neuroglia was normal. 

Case 13. — This was the brain of a white boy aged 11, whose illness lasted six 
days. Perivascular hemorrhages were present in the superior frontal gyrus, the 
temporal pole, the subthalamic region, the cerebellum, the occipital lobe and the 
olfactory tract. The microglia in the temporal pole stained fairly well and seemed 
normal. The fat in the nerve cells was normal. The neuroglia in the temporal 
pole was normal. 

Case 14. — This brain was from a white man aged 20, whose illness lasted 
four days and fen hours. Perivascular hemorrhages were present in the temporal 
lobe, the subthalamic region, the pons, the upper cervical region of the spinal 
cord and the olfactory tract. An occasional lymphocyte was noted in the adventitia 
of a few vessels in the optic thalamus. The neuroglia, microglia and fat were 
normal. 

Case 15. — The brain was that of a white girl aged 12, whose illness lasted 
five days and ten hours. The pathologist who performed necropsy noted that the 
contents of the cranial cavity appeared normal. There were perivascular hemor- 
rhages in the inferior temporal gyrus, the midbrain, the medulla and the optic 
nerve. There was some fibrous arachnoiditis over the paracentral lobule; there 
was some perivascular edema in the sections from the occipital lobe. The neuroglia 
and fat were normal, but the microglia was increased in amount. 

Case 16. — ^This specimen was from a white man aged 23, whose illness lasted 
four days and fifteen hours. Perivascular hemorrhages were present in the tem- 
poral pole, the cerebellum and the occipital pole. There were a few lymphocytes 
in the perivascular spaces of one or two vessels in the temporal pole. Nissl staining 
of sections from the occipital pole showed no significant changes. Loyez staining 
of sections from the occipital pole showed no loss of myelin. The neuroglia in the 
occipital pole was normal, and the microglia in this region was increased. There 
was no abnormal amount of fat in the cells of the occipital pole. The Weigert 
stain for elastic tissue with Van Gieson’s stain showed normal vessels in the 
occipital pole. 

Case 17. — The brain was from a woman whose age was not stated. Her 
illness lasted about six days. Perivascular hemorrhages were seen in the temporal 
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lobes, the anterior portion of the striate body and the cerebellum. A few peri- 
vascular lymphocytes were seen in sections from the midbrain. The neuroglia, 
microglia and fat were normal. 

Case 18. — The brain was that of a boy of 4 or 5 years of age, whose illness 
lasted about four days. Perivascular hemorrhages were seen in the superior frontal 



Fig. 9 (case 18). — Section through the optic nerve showing an exudate of 
lymphocytes about a blood vessel. Hematoxylin and eosin stain. 

gj'rus, the hippocampus, the midbrain, the subthalamic region, the medulla, the 
gyrus rectus, the olfactory tract, the optic nerve, the cerebellum and the lenticular 
nucleus. In the optic nerve there were also a few perivascular lymphocytes 
(fig. 9). The neuroglia, microglia and fat were normal. 
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Case 19. — The brain was from a girl aged 23 months, who died after an illness 
of four days. Perivascular hemorrhages were present in the hippocampus, the 
occipital pole, the pons and the temporal lobe. A few perivascular lymphocytes 
were seen in the hippocampus. The neuroglia was normal. The microglia and 
fat were slightly increased. 

Case 20. — This brain was from a child of 9, whose illness lasted about four 
days. A few perivascular hemorrhages were seen in the temporal pole and in 
the subthalamic region. The neuroglia and fat were normal. The microglia was 
increased in amount. 

In addition to these 20 brains, another was studied in the same way, and 
although the diagnosis of yellow fever was not confirmed by the findings in the 
liver, this brain showed lesions exactly like those in the cases in which yellow 
fever was diagnosed definitely. This brain was from a white man about 35 years 
of age, who entered the hospital on May 13, 1936, “with a temperature of 36.8 C. 
(96.9 F.) and a pulse rate of 90 and with the skin and conjunctivae showing 
jaundice. The patient complained of headache, gastric distress and nausea. 
Although the patient did not urinate, the bladder was not investigated for the 
presence of urine. On May 14, the patient presented nervous symptoms, such as 
picking at the bedclothes. The pupils were dilated. Headache was pronounced. 
Hemorrhagic vomiting and bleeding from the gums were noted, but neither nose- 
bleed nor melena was reported. Involuntary urination occurred, but material for 
examination was not collected. The temperature was subnormal on this day; 
the pulse was not registered. These symptoms continued on May 16, the day of 
death.” Dr. Fred L. Soper, of Rio de Janeiro, Brazil, furnished these notes on 
the case after observing the patient in the hospital. He noted in addition that 
this case seemed to be “typical of severe yellow fever with some involvement 
of the central nervous system, indicated by mental haziness.” Dr. Edgar Cruz, 
who performed autopsy, stated: “On the basis of the observations at autopsy, I 
made a diagnosis of yellow fever.” Dr. Soper stated that the conditions noted 
at autopsy included jaundice, remains of black vomit in the buccal cavity and 
melena in the intestines. In the description of the liver by Dr. Laemmert, however, 
no evidence of yellow fever was noted. Dr. Soper, in discussing this case in a 
letter to Dr. E. L. Opie, dated March 2, 1938, stated : This case opens up once more 
the entire question of the validity of a. diagnosis of yellow fever from histologic 
examination of tissues of the liver. It is known that rhesus monkeys sometimes 
die of yellow fever without showing what are considered to be the characteristic 
lesions of yellow fever in the liver. There is, however, available in the municipal 
laboratory of Rio de Janeiro material from more than 125,000 livers from different 
parts of South America, mostly Brazil. The collection of this material has been 
made, as you know, through viscerotomy for the purpose of discovering otherwise 
undiagnosed outbreaks of yellow fever. Practically all cases in which the liver 
has been thought to show positive signs or changes arousing suspicion in the 
laboratory have been investigated in the field, with additional laboratory control, 
when possible, through attempts to isolate the virus and through determinations 
of immunity in convalescent persons suspected of having had yellow fever. Like- 
wise, during the same period the laboratory examined a fairly large number of 
livers from persons whose records describe their condition as suspected pf being 
yellow fever in the field but diagnosed as not that disease after examination of 
the liver. Whenever possible, these cases have likewise been investigated in the 
field. As a_ result of this accumulated experience, my colleagues and I have come 
to have a high opinion of the examination of liver as a method of detecting other- 
wise undiagnosable yellow fever. However, we have come to realize that yellow 
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fever is not obliged to follow the rules laid down for it by any one scientist or 
group of scientists. For example, there is the possibility, no doubt, that the lesion 
in the liver is quickly obliterated by regenerative processes, so that persons who 
die from secondary infections or other causes later than the twelfth or fourteenth 
day may well fail to obtain a positive diagnosis in the laboratory. Likewise, we 
have come to recognize that the diagnosis of the lesion in the liver is a subjective 
process and is not capable of the same objective demonstration as is, for example, 
the finding of the parasite of malaria in the blood smear. We are not in a 
position to affirm that yellow fever always produces certain lesions in the liver 
or to affirm that nothing else can produce the lesions produced by yellow fever. 
Nevertheless, we continue to perform viscerotomy on a large scale and believe it 
to be by far the most sensitive indicator of the presence or absence of yellow 
fever in a given region at the time the investigation is carried out.” 

The brain in this case showed perivascular hemorrhages in the frontal pole, 
the tip of the temporal lobe, the midbrain, the cerebellum, the subthalamic region 
and the medulla. There was perivascular edema in the occipital pole. Sections 
of the frontal pole treated with the Weigert stain for elastic tissue and counter- 
stained with the Van Gieson stain showed normal vessels. The microglia and 
neuroglia in the temporal pole were normal. Sections of the frontal pole prepared 
with the Loyez stain showed no loss of myelin. There was some fat in the peri- 
vascular spaces, as well as considerable fat in the nerve cells, in sections from 
the temporal pole. Nissl staining of sections from the frontal pole showed normal 
nerve cells. My associates and I considered this to be one of the most typical 
of the cases of encephalopathy produced by yellow fever before we learned that 
study of the liver did not confirm the clinical diagnosis. 

A table is appended to show the sites of hemorrhages in the 20 
brains. The table also shows what other regions of the brain were 
examined in each case in which no hemorrhages were found. As I 
have noted in an earlier part of this paper, the hemorrhagic condition 
in the brain and spinal cord in yellow fever resembles very much what 
my associates and I and what others have seen in alcoholic encephal- 
opathy. However, in yellow fever the condition is more severe and 
probably would be fatal even if no other lesions were present in the 
liver or other organs. Apparently the hemorrhages are of short dura- 
tion, for there is usually no notable reaction on the part of the microglia 
or astrocytes, and few phagocytes are encountered. It is probable that 
these hemorrhages are not more than a day or two old. 

Arsphenamine will occasionally cause a fatal hemorrhagic condi- 
tion of the brain, with the brunt of the lesion being borne by the 
lenticular nucleus. Here, of course, there is damage to the blood 
vessels by the toxin, with resulting hemorrhage. Other poisons, such 
as cyanides, mercury, manganese, lead and phosphorus, may cause 
minute hemorrhages in the brain along with other changes. Cai'bon 
monoxide poisoning may cause hemorrhages in the brain, but in addi- 
tion there are necrosis of the globus pallidus and thrombosis of small 
vessels. Snake venom and many other poisons, some used in indus- 
try, may cause small hemorrhages in the brain. We have just examined 
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the brain of a dog poisoned with metrazol, a convulsant drug used 
recently in the treatment of dementia praecox. We found perivascular 
hemorrhages. In cases of anoxemia of the brain small hemorrhages 
are common about the vessels. In cases of stasis of blood flow in the 
smaller vessels of the brain due to leukemia hemorrhage of the brain 
is not uncommon. In cases of acute anterior poliomyelitis small hemor- 
rhages are usually encountered in the gray matter of the spinal cord 
as well as a perivascular exudation of lymphocytes and even of poly- 
morphonuclear cells. In addition, however, there can be seen a specific 
effect of the virus on the nerve cells. In many cases of lethargic 
encephalitis large or small hemorrhages may be found in the lower 
parts of the brain. We have observed, also, perivascular hemorrhage 
in cases of pertussis. 

In a true virus infection of the nervous system, lasting several days, 
there would undoubtedly be ample evidence of the infection in the 
brain in the form of lymphocytic accumulations in the Virchow-Robin 
spaces, in addition to other pathologic changes in the nerve cells, 
microglia, astrocytes and even the myelin sheaths at times. In these 
cases of yellow fever the hemorrhages were the most significant change 
discovered in the nervous system and were apparently a terminal event. 
They cannot be considered as evidence of neurotropism of the virus 
of yellow fever in man. 

Most of these 20 cases of yellow fever occurred in the states of 
Parana or Minas-Geraes in Brazil in January, February, March and 
April 1936. The average duration of illness was a little over six 
days, and the average age of the patients 29 years. The youngest 
patient was about 5 years of age, and the oldest was 62. 

The illness clinically was typical of yellow fever, beginning with 
headache and pains in the back. There were fever and much thirst, 
with epigastric pain, enlargement of the liver, some jaundice, often 
photophobia and congestion of the eyes and face. Black vomit and 
melena occurred in most instances, with albuminuria, oliguria and later 
anuria. Delirium and coma were present in some a day or so before 
death, and convulsions were present in a single case. Nervousness 
was noted in several. 

The literature consulted threw little light on the question of the 
involvement of the nervous system in man. Jakob, Fialho and Villela 
reported on 14 cases in man in Rio de Janeiro, Brazil. No gross 
pathologic lesion was reported, but microscopically there was small cell 
infiltration of the leptomeninges, with macrophages containing blood 
pigment, also some edema of the pia. There was severe fatty degen- 

la. Jakob, A.; Fialho, A., and Villela, E. L. : Deutsche Ztschr. f. Nervenh. 
3:111, 1929. 
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eration of the nerve cells in the cortex and striatum. The authors 
noted proliferation of glia cells and some chromatolysis of nerve cells, 
with focal atrophies in the cortex and other tissues. 

Stefanopoulo and Mollaret=^ reported observation of hemiplegia 
and optic neuritis in a case of yellow fever. The patient, however, 
recovered, so it is not known what the nature of the lesions in the 
brain was. 

Findlay and Stern ^ noted ptosis of the left eyelid and partial 
facial paralysis in a patient who suffered from a severe but typical 
attack of yellow fever in Northern Nigeria. 

Apparently in mice, monkeys and other animals true encephalitis 
may develop following inoculation with the virus of yellow fever 
under certain conditions. In the monkey (Rhesus) encephalitic symp- 
toms are associated with microgial proliferation, perivascular infiltra- 
tion and intranuclear inclusions (Findlay and Stern"). These authors 
concluded that there is evidence that neurotropic potentialities are 
inherent in the ordinary strain of the virus. Other authors have 
reported encephalitis in Macacus rhesus by inoculation of viscerotropic 
yellow fever (Goodpasture'*; Penna^). Encephalom 3 '-elitis following 
vaccination against yellow fever has been reported by Lhermitte and 
Fribourg-Blanc ® and by Dezest'*). This, however, is qvhte another 
matter and is comparable to encephalitis following vaccination against 
smallpox. In the fatal case reported by Lhermitte and Fribourg-Blanc 
the patient died about fifteen months after vaccination. The lesions 
in this case resemble those seen in disseminated sclerosis. 

SUMMARY 

Preliminary studies were made on different regions of the brain 
in 14 cases of yellow fever in man. In 20 other cases of yellow fever 
in man the whole brain was available for study and in 3 of these cases 
the spinal cord as well. A detailed examination of the brains in these 
20 cases is reported in this paper. 

The chief lesion found in all of the brains studied was perivascular 
hemorrhage. These hemorrhages were most frequently found in the 
subthalamic and periventricular region at the level of the mamillary 
bodies. The temporal pole was next most involved and the cerebellum 
only slightly less so. 

2. Stefanopoulo, G. J., and Mollaret, P. : Bull, et mem. Soc. med d hop de 
Paris 50:1463, 1934. 

3. Findlay, G. M., and Stern, R. O.: J. Path. & Bact. 41:431, 1935. 

4. Goodpasture, E. W. : Am. J. Path. 8:137, 1932. 

5. Penna, H. A.: Am. J. Trop. Med. 16:331, 1936. 

6. Lhermitte, J., and Fribourg-Blanc: Rev. neurol. 65:391, 1936 . 

7. Dezest, G. ; Bull. Soc. path. exot. 30:253, 1937. 
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Perivascular lymphocytic exudate was noted in 9 cases and with 
the exception of a single case this was slight. 

Changes in the nerve cells were insignificant, and no inclusion bodies 
were seen. 

Reactive changes in the microglia and astrocytes were slight. 

From this study it is concluded that there is no definite evidence 
of neurotropism on the part of the virus of yellow fever in this series 
of cases. 



PRIMARY SYSTEMIC AMYLOIDOSIS 

INVOLVEMENT OF CARDIAC VALVES, JOINTS AND BONES, WITH 
PATHOLOGIC FRACTURE OF THE FEMUR 

SIMON KOLETSKY, M.D. 
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ROBERT M. STECHER, M.D. 

CLEVELAND 

Amyloidosis secondary to chronic suppurative disease or tuberculosis 
is relatively common. In contrast, the primary form of amyloid disease 
is distinctly rare. Yet within recent years primary systemic amyloidosis 
has become a recognized entity. A number of those who have reported 
cases of this disease have emphasized (1) the absence of known etiologic 
factors and (2) the tendency to involve smooth and skeletal muscle 
while organs such as the liver and spleen, usually affected in secondary 
amyloidosis, are uninvolved. 

The following case of primary systemic amyloid disease is reported 
because of extensive involvement of the cardiac valves and of the joints 
and hones, with pathologic fracture of the femur. 

REPORT OF A CASE 

A 61 year old white woman was admitted to the Cleveland City Hospital 
Sept. 11, 1935, with complaints of fracture of the left hip and rheumatism. In 
1924 she noticed for the first time swelling and stiffness of the fingers of the 
right hand. This was accompanied by tingling and burning sensations, which 
persisted for five years and then stopped. Eight years before admission she noted 
swelling and stiffness of the right wrist. After that all her joints gradually 
became stiff and swollen. This resulted in moderate disability, although there 
was no pain. During the past two years her tongue grew larger. About three 
months prior to admission she experienced sudden pain in the left hip while 
walking and fell down. She was put to bed and was unable to arise because 
of severe pain. Hospitalization was advised by a physician because of a fracture 
of the hip. 

The past history revealed that the patient had been in good general health 
except for the disabilities mentioned. Her diet had always included a large 
amount of meat. 

The temperature was 36.8 C. (97.9 F.) ; the pulse rate, 96; the respiratory 
rate, 21, and the blood pressure, 136 systolic and 88 diastolic. The patient was 
well nourished and not severely ill. The skin was smooth, glassy and free from 
wrinkles. The subcutaneous tissue and skeletal musculature throughout the body 
were firm. There was no icterus or superficial lymphadenopathy. The pupils 

From the departments of pathology and medicine, Cleveland City Hospital and 
Western Reserve University. 
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reacted to light and accommodation. The fundi showed a slight degree of arterio- 
sclerosis. 

The tongue was enlarged and showed small nodules on the dorsum. On the 
inner aspects of the lips there were firm, elevated nontender nodules 1 cm. in 
diameter and of a grayish white appearance. 



Fig. 1. — A, swelling and nodularity of the left wrist and palm; B, nodular 
lesions of the lower lip ; C, amyloid involvement of the aortic valve. 

The heart was not enlarged. The rate was normal and the rhythm regular. 
There was a loud blowing systolic murmur at the apex. The second sound at the 
base was harsh. The lungs and abdomen were normal. The liver and spleen 
were not palpable. Pelvic examination revealed firm nodular lesions from 1 to 2 
cm. in diameter on the posterior vaginal wall just within the introitus. 
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All the joints were irregularly enlarged, firm to palpation and not tender. 
Much of the swelling and irregularity was apparently due to firm nodular masses 
involving the tendon sheaths and ligaments of the joints. Both limitation and 
rigidity of motion were present throughout. The shoulders seemed to he padded, 
and their bony markings were obscured. The wrists and elbows were irregularly 
swollen on the dorsal and volar aspects. In the antccubital spaces there were firm, 
elevated nodules 3 cm. in diameter, probably attached to the tendons and muscles. 
The left hip and thigh were difTuscly enlarged. There was a firm immobile non- 
tender mass extending down from the crest of the ilium and merging with the 
structures of the thigh. 

The fingers of both hands were rigid and immobile except for a slight degree 
of passive flexion. The palms showed many subcutaneous nodular swellings. 
Both the thenar and the hypothenar eminences were obscured. On the dorsal aspect 
of the left hand there were nodules 1 cm. in diameter attached to the tendons. 

There was no evident involvement of the vertebral column. 

The urine was normal. An c.xamination for Bence Jones protein was not 
made. The red hlood cell count was 3,900,000; the hemoglobin content, 55 per 
cent; the white blood cell count, 6,200. The Wassermann reaction of the blood 
was negative. The scrum phosphorus was 4.2 mg. and the serum calcium 9.4 mg. 
per hundred cubic centimeters. The phosphatase activity was 9.5 units. The 
scrum cholesterol was 242 and 235 mg. per hundred cubic centimeters. Repeated 
examinations of the blood for urea nitrogen gave values within normal limits. 
Dextrose tolerance tests gave results as follows: during fasting, 98 mg. per hundred 
cubic centimeters of blood; at one half hour after administration of dextrose, 186 
mg. ; at one hour, 220 mg. ; at two hours, 178 mg. ; at three hours, 184 mg. The 
icterus index was 5. The blood uric acid was 4.1 and 4.3 mg. per hundred cubic 
centimeters; the total blood fat was 1.17 mg. per hundred cubic centimeters. 

The Congo red test showed on the first specimen 100 per cent, and on the 
second specimen 133 per cent, of the dye present (hemolysis). 

The roentgenologic reports Sept. 16 to 17, 1935, were as follows: The left hip 
showed a fracture through the neck of the femur, with considerable fragmentation 
and absorption of the bone and slight upward displacement of the shaft. This 
fracture did not have the appearance of a recent one. Both hands, the left knee 
and the right shoulder showed generalized demineralization of all the bones. Tliere 
appeared to be fragmentation about the greater tuberosity and a slight down- 
ward displacement of the head of the humerus. No other pathologic process was 
noted in these areas. The lumbar region of the spinal column showed similar 
demineralization of bone. Otherwise there was no significant change. There was 
no definite pathologic process in the right femur. A roentgenogram of the chest 
showed the cardiac shadow to be slightly incrc:iscd in its transverse diameter, 
indicating cardiac hypertrophy and dilatation. The lungs were normal. 

On admission the' diagnosis of a pathologic fracture of the neck of the left 
femur was made. The underlying disease of the bone, as well as the nature of 
the involvement of the joints, was not clear. 

The patient remained in the hospital for almost two and a half years before 
she died. For most of this period the clinic.al picture was puzzling. The joints, 
although swollen and deformed, were roentgenologically normal. No form of 
arthritis adequately explained the extensive involvement of the tendons. The diag- 
nosis of gout was eliminated because of the lack of pain, the absence’ of tophi and 
the normal level of the uric acid in the blood. Although the patient was not 
diabetic, xanthoma tuberosum multiplex was considered because of the involve- 
ment of tendons, the subcutaneous and submucous nodules and tlic erosion of bone 
However, the absence of cholesterol in the biopsy material excluded this possibility' 
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The first biopsy specimens consisted of a segment of extensor tendon from 
the right wrist and some small firm translucent masses from the joint space. 
Microscopicallj', the connective tissue of the tendon was largely replaced by homo- 
geneous hyaline material. There was no inflammation, and no foam cells were 



Fig. 2. — A, microscopic section through the midportion of the aortic cusp ; X 3 : 
amyloid involvement of pericardial wedge, ring and free portion of valve. B, 
amyloid nodules of the small intestine as shown in a microscopic section ; X 3.87. 
C, pathologic fracture of the left femur. D, microscopic section of the head of 
the left femur showing (a) amyloid extending to the line of fracture and 
(b) a spongy portion of bone ; X 2.32. 
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seen. With polarized light no anisotropic substance was found. The diagnosis 
was chronic productive and degenerative tenosynovitis. A second biopsy specimen 
taken from the right shoulder consisted of fragments of firm tissue of cartilaginous 
consistency, and the diagnosis was hyalinization of connective tissue. Later, tendon 
sheaths were removed from both wrists. Microscopic sections showed replacement 
of the tendon by a hyaline material which gave positive reactions for amyloid 
with methyl violet and Congo red. There was no anisotropic substance. A diag- 
nosis of chronic tenositis with am 3 doid change was made. Following the recog- 
nition of amyloid in the third biopsy specimen, the dermatologic consultants, who 
had been interested in the lesions of the tongue and lips, made a diagnosis of 
primary systemic amjdoidosis.i Stains for amyloid in the earlier biopsy specimens 
were then found to be positive. 

During the entire period of hospitalization the patient’s condition remained 
stationary and, although largely bedridden, she was in fair health and had no 
additional complaints. With rest in bed, the pain in the left hip diminished as 
motion of the joint decreased and disappeared when ankylosis was complete. Sub- 
sequent roentgen examinations showed no appreciable change in appearance over 
that at admission, A subtrochanteric osteotomy was advised bj' the orthopedic 
consultant but was refused by the patient. She was given physical thcrap 3 ' and, with 
massage and gentle manipulation, gained some use of all her extremities. With 
a minimal amount of help, she was able to walk short distances on crutches and 
even resumed slight bearing of weight on the left leg. 

A sudden attack of pain and blindness in the left eye occurred in December 
1935, which was thought by the consultant to be due to embolism or spasm of 
the central artery. Following this episode there was permanent impairment of 
vision in the left e 3 'e. 

In February 1938 the patient, after having been afebrile, began to have fever, 
cough and dulness to percussion over the entire right side of the chest. She died 
February 13 of confluent bronchopneumonia, after an illness of eight da 3 fs. 

The final clinical diagnosis was; primary systemic amyloidosis and terminal 
bronchopneumonia. 

Autopsy . — A postmortem examination was made seven hours after death. There 
was no icterus or lymphadenopathy. The inner aspects of the lips and the tongue 
were as described already. The left lower extremity was 6 cm. shorter than the 
right. The skin throughout the body was smooth and glassy but on section showed 
no significant change in the epidermis or corium. The subcutaneous fat was firm 
and had a peculiar pale yellow color. 

The skeletal muscles of the thoracic and abdominal walls were tense and rigid, 
and their fibers were extensively replaced by confluent nodular masses of trans- 
lucent pearly gray lardaceous material. Gross tests of this material for amyloid 
by means of the iodine and sulfuric acid stain were strongl 3 '- positive. 

Externally all the joints were swollen and irregular in contour. The left 
elbow and left hip joints were selected for examination. 

The entire articular capsule and synovial membrane of the left elbow joint 
were replaced by firm lardaceous grayish 3 'ellow tissue which extended into the 
joint space and filled the olecranon, coronoid and radial fossae. At the sites of 
attachment of the articular capsule to bone there was direct invasion by this tissue 
of the humerus, the olecranon and coronoid process of the ulna and the head of 
the radius. 


1. The patient was presented at a meeting of the Cleveland Dermatological 
Society, March _2S, 1937 (Arch. Dermat. & Syph. 37:330, 1938), as having primarA^ 
systemic amyloidosis. 
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The left hip joint was partly encased in a huge solid mass of light yellow 
lardaceous tissue, which measured 10 by 5 by 4 cm. This tissue extended through 
the articular capsule to fill the joint space and had invaded the entire neck of 
the femur. There was a complete fracture through the middle of the neck, with 
separation of the fragments. The surface of the fracture showed numerous irreg- 
ular tags of lardlike material. The articular surfaces of the joint were uninvolved 
except for the fovea capitis of the femur which was invaded by extension from the 
ligamentum teres. All the tendons adjacent to both the elbow and the hip joint 
were extensively replaced by firm translucent lardaceous tissue. The material in 



Fig. 3. — Left femur. The upper arrow points to the line of fracture; the 
lower, to a mass of am 3 doid. 

the joints, bones and tendons gave strongly positive reactions for amyloid with 
iodine and sulfuric acid. 

The heart weighed 400 Gm. There were numerous firm raised pearly gray 
nodules, measuring 1 to 2 mm. in diameter, in the epicardium of the atria and 
in that of the base of the ventricles. The left atrial chamber was enlarged and had 
a thickened, rigid, leathery wall which did not collapse. Its muscle la}^er and 
endocardium were extensively replaced by firm gra 3 dsh white tissue, and the entire 
endocardium presented a gra 3 dsh yellow glistening nodular surface. The changes 
in the right atrium were similar but less extensive. The left ventricular chamber 
was small, while the right was considerably dilated. Both ventricles presented a 
slightly hypertrophic brownish red myocardium, which showed no fibrosis. There 
were occasional small grayish white deposits of amyloid, especially in a sub- 
endocardial position. The coronary arteries revealed no significant change. 
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All four cardiac valvc.s sliowcd iiochilar (!cl)o^it‘: of amyloid. 1 lio involvement 
of the mitral and aortic valves was particularly extensive. Xnmerons plisteniiifr 
pearly pray bcadlike nodules were deposited in the base and free portions of the 
mitral leaflets, especially on their atrial surfaces near the free marpins. As a 
result the leaflets were thickened, ripid and virtually immobile. .Mthouph there 
was no fusion of the commissures, the orifice of the valve was fixed in a markedly 
stenotic position, 'fhe chordae tendineae were sliphtly thickened hut discrete. 
There were numerous nodular deposits in the free ixirtions of the tricuspid leaflets. 
The aortic valve was severely deformed liy the amyloid infiltration, and its cusps 
were thickened, retracted and immolnlc. Iloth the atrial and ventricular surfaces 
of the cusps, as well as the sinuses of Valsalva and the subvalvular endocardium, 
were studded with discrete and confluent hard pearly white nodular excrescences. 
Althouph the commissures were not fused, the valvular orifice was delinitely 
stenotic. The pulmonic, valve was the least alYected. showing only a few nodular 
deposits on the ventricular aspects of the cusps. 

The aorta and pulmonary arteries were the seat of moderate arterinsclerntic 
chanpc hut were otherwise not unusual. 

The lungs showed confluent hronchopneunionia, which was espicially severe 
in the lower lobes. The crepitant portions were gr.ayi.sh brown and were finn 
and indurated to palpation. Moderate arteriosclerotic change of the .small pul- 
monary arteries was present. The bronchi presented a hyiiereiuic brownish red 
granular mucosa but their lumens contained no exudate, 'fhe hilar lymph nodes 
were small and showed nothing unusual on section. 

The liver and spleen weighed 1,250 Gm. and 150 Gm., rc.spectively, and were 
the scat of passive hyperemia. Otherwise they showed nothing unusual. 

No significant changes were noted in the gallbladder and biliary ducts, p.ancrcn.s, 
adrenals, urinary tract, pelvic organs, breasts, thyroid and parathyroids, diaidiragm, 
esophagus, stomach, duodenum and brain. There was no abdominal lymphad- 
cnopathy. 

The posterior wall of the vagina just within the introitus .showed several small 
elevated nodular masses of firm grayish white tissue from 1 to 2 cm. in diameter. 

The midportion of the jejunum and the large intestine from the ascending colon 
to the sigmoid .showed in their w.alls numerous discrete pearly gray nodules 0.5 to 
5 mm. in diameter. These lesions cut with resistance. Grossly they appeared 
to be confined to the muscle layer and were covered by intact mucosal and serosal 
surfaces. Gross tests for amyloid were positive. 

The ribs and vertebrae were intact and presented the usual red marrow. The 
marrow of the upper half of the left femur was hyperplastic, friable and pale 
red. 

Microscopic E.vamimtion . — The histologic preparations were stained by the 
hematoxylin and cosin, Van Gicson and azocarminc methods. Both fresh tis.suc 
and tissue fixed in solution of formaldehyde were examined for amyloid with 
Congo red, methyl green and iodine-sulfuric acid stains. 

Both ventricles of the heart revealed hypertroiihy of their fibers. The small 
blood vessels, especially the arteries, .showed subcndothclial and medial deposition 
of an eosin-staining homogeneous material, which was positive for amyloid. The 
muscle was occasionally interrupted by nodular deposits of the same substance. 
The involvement of the left atrium was extensive. In one area of deposit 
in the endocardium there was progressive transformation of amyloid through the 
stage of cartilage to bone. The bony trabeculae enclosed a fatty marrow, whicli 
showed a few hemopoietic cells. ’ 
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The pericardial wedge and ring of the aortic valve showed numerous nodular 
hyaline masses. All the layers of the free portion, especially the fibrosa, were 
likewise involved, and the tip of the valve showed confluent deposits of this 
substance. The elastic fibers were essentially intact, although frequently com- 
pressed and distorted by the amyloid. There was no inflammatory reaction, and 
only vessels of the sinusoidal type free from amjdoid disease were present. 
The mitral ring and valve showed similar extensive nodular deposits of amyloid. 
There was no vascularity or inflammation. 

The lungs showed areas of edema and bronchopneumonia. The alveolar 
walls were thick, owing to an increase in fibrous tissue, and numerous “heart 
failure” cells were present within the alveolar spaces. The walls of the small 
arteries were distinctly thickened. Occasionally a small arter}' or vein showed 
subendothelial deposition of amyloid. 

In the liver and spleen severe passive hyperemia was observed. No amyloid 
involvement was found. 

The vagina showed nodular hyaline masses in the tunica propria of the 
mucosa and in the underlying muscle. The small arteries in the neighborhood 
of these deposits showed amyloid infiltration. There was a slight amount of 
hemorrhage. 

In the intestines the longitudinal layer of muscle -was interrupted by nodular 
masses of homogeneous acidophilic material. The circular layer was compressed but 
otherwise uninvolved. There was irregular replacement of the muscularis mucosae 
by amyloid, which extended into the tunica propria. The small arteries, particularly 
those of the submucosa, were the seat of severe amyloid deposition. In some 
sections the blood vessels showed extensive infiltration while the muscle was 
free from disease. 

The epidermis and corium were normal. Nodular deposits of amyloid were 
present deep in the subcutaneous tissue adjacent to the underlying fascia and 
muscle. Several nodules showed areas of transformation of amyloid into cartilage. 

Deposits of acidophilic homogeneous material were found in the connective 
tissue of the tunica propria and underlying muscle of the lip. 

The tumor mass of the left hip was composed of confluent lobulated masses 
of amyloid. Some of the lobules revealed blue-staining areas which suggested 
early cartilage formation. The vessels consisted of endothelial slits surrounded 
by amyloid. 

The fibers of the skeletal muscle were spread apart and in some areas replaced 
by diffuse nodular deposits of amyloid. Most of the muscle cells appeared 
normal even when surrounded and compressed by this substance. Some were 
atrophic as a result of pressure. In several areas bands of amyloid in the 
interstitial connective tissue seemed to invaginate and possibly invade the fibers. 
The small arteries in the interstitial stroma showed extensive amyloid infiltration 
of their w'alls. 

At the line of fracture of the neck of the left femur the bone was completely 
replaced by amyloid. The boundary between amyloid and the uninvolved can- 
cellous bone of the head of the femur was sharp. The latter showed fatty 
marrow with islands of hemopoiesis. Within the amyloid tissue w'Cre several 
small foci of bone formation similar to that in the left atrium. Marrow from 
the upper portion of the left femur showed myeloid hyperplasia and no amyloid. 
Histologic section of a vertebra also showed myeloid hyperplasia. Some of the 
small arteries were the seat of severe amyloid deposition, but their lumens were 
not reduced. The reticulum and bonj' trabeculae w'ere not unusual. 
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As regards tlic ligaments and tendons, tlie connective tissue bands were 
disrupted and replaced by nodular masses of acellular acidophilic material. Within 
the nodules were sinusoid-like vessels showing widely patent lumens filled with 
red blood cells and intact endothelial linings. In the uninvolved portions of 
connective tissue the vessels showed no change. 

In the left eye the central artery of the retina showed an extensive deposit 
of amyloid, but its lumen was amply patent. There was no change in the retina. 
On the surface of the sclera the posterior ciliary vessels also showed severe 
amyloid involvement with virtual occlusion of the lumens. 

Histologic sections of tracheobronchial lymph node, gallbladder, aorta, kidney, 
breast, uterus, pituitary, brain and meninges presented no significant change and 
no amyloid disease of the vessels. 

Microscopic study of the pancreas, adrenal, esophagus, mesoappendix, thyroid 
and parathyroids showed amyloid infiltration of an occasional small artery. Other- 
wise there was nothing unusual. 

The material in the various areas of deposit gave consistently positive reac- 
tions for amyloid. In the smaller nodules the stains were homogeneous, but 
the larger masses in the region of the joints showed coarse clumps of amyloid 
surrounded by lighter staining, almost nonspecific hyaline material. Some nodules 
presented a wborl-like appearance, as if the material bad been deposited in 
irregularly concentric layers. Foreign body giant cell reaction at the periphery 
was frequent. The vessels within the nodules consisted of endothelial vascular 
slits completely surrounded by amyloid. There was no cellular infiltration. Special 
stains showed only a slight deposit of fat in the form of small droplets. 

Amyloid involvement of blood vessels occurred chiefly in the small arteries. 
Usually the entire wall of the vessel was transformed to a homogeneous hyaline 
tissue without significant reduction of the lumen. 

The final pathologic diagnosis was : primary systemic amyloidosis, with involve- 
ment of the skeletal muscles, lips, tongue, tendons, joints, bones, heart, and 
valves, intestinal tract and vagina; pathologic fracture of the left femur; cardiac 
hypertrophy and dilatation; chronic passive hyperemia of the lungs, liver and 
spleen ; pulmonary arteriosclerosis, and bronchopneumonia. 

COMMENT 

Amyloid disease may be subdivided into four groups as follows; 
(1) secondary amyloidosis, (2) primary amyloidosis, (3) amyloidosis 
associated with multiple myeloma and (4) tumor-forming amyloidosis. 
Of these, secondary amyloidosis is relatively common and usually follows 
long-standing disease, such as tuberculosis or chronic suppuration. The 
liver, spleen, kidneys and adrenals are particularly involved, and the 
amyloid is deposited in a subendothelial position in the walls of capil- 
laries and arterioles. In this form the amyloid gives typical staining 
reactions. Primary amyloidosis is characterized by absence of known 
etiologic factors. The amyloid is found in mesodermal tissue, smooth 
and skeletal muscle, the cardiovascular system and the gastrointestinal 
tract, while the organs usually affected in secondary amyloidosis, such 
as the liver and spleen, are uninvolved. The staining reactions of the 
amyloid are variable, and the substance tends to be deposited in nodular 
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as is known all of the patients were white. The duration of the disease 
from the onset of symptoms to death averaged approximately two and 
one-half years. In Lubarsch’s first case the duration was eight years, 
and in our case it was fourteen years, which is the longest on record. 
In the majority of the patients the condition grew progressively worse, 
with a fatal termination due to intercurrent infection. . 

The clinical manifestations of primary systemic amyloidosis are 
fairly uniform. One of the most constant findings is enlargement of, 
the tongue due to amyloid infiltration. While pain may be absent, the 
swelling and immobility of the organ result in dysphonia and dysphagia. 
In a number of cases the macroglossia has been mistaken for carcinoma. 
In extreme instances the patient is unable to close the mouth.^® The 
enlargement of the tongue is occasionally accompanied b)'' swelling of 
the neck and face due to amyloid involvement of the skin, subcutaneous 
tissue or muscles. This may produce a fixed staring expression 
resembling that of a patient with paralysis agitans.®’ A common symp- 
tom is progressive weakness and fatigue due to involvement of skeletal 
muscles. The clinical picture then simulates myotonia, although the 
muscles are enlarged and firm. In the case reported by DeNavasquez 
and Treble,®*' however, muscular weakness was caused by am 3 doid 
infiltration of the nerves. Disturbances in gait and limitation of motion 
are frequent and due to involvement of muscles, tendons and joints. 
In 5 cases there were complaints of pain in the back, extremities or 
region of the joints. Pain in the finger tips.®® and hardening of the 
finger pads may occur. 

The skin was involved in 8 of the 24 cases, Konigstein ® described 
an extensive eruption of sharply defined firm opalescent papules about 
the eyes and mouth and on the neck, trunk, extensor aspects of the 
extremities and fingers. Similar lesions of nodular type were also noted 
by Mollow and Lebell.®® In the patient observed by Michelson and 
Lynch ®'’ an eruption of the eyelids developed in the form of firm 
translucent waxy papules. In 2 cases reported by Lubarsch,®'' as well 
as in those reported by Gerstel and Gaupp,^ the cutaneous lesions 
were of sclerodermic type. Gottron described papular lesions of the 
skin of the thorax and abdomen in addition to a plaquelike scleroderma. 

Infiltration of the intestine leads most frequently to constipation 
(8 cases). Other symptoms include diarrhea, abdominal pain, vomiting 
and meteorism. Intestinal hemorrhage occurred in 3 cases,®® in 2 of 
which it was either the immediate cause of death or a contributing factor. 
In Steinhaus’ **’ case, in which the condition simulated carcinoma of the 
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pylorus, the bleeding ^vas attributed to amyloid disease of the vessels. 
In the case reported by j\Iicbelson and Lynch death was due to intes- 
tinal hemorrhage and ileus. The third case described by Lubarsch^^'' 
concerned a 45 year old man whose chief complaint was hematemesis. 
There was a one year history of pain following meals, with anorexia 
and constipation. At autopsy there was amyloid disease of the .stomach 
with a number of small pyloric ulcers showing a moderate amount of 
amyloid. Gottron obtained roentgen evidence of amyloid involvement 
of the stomach in the form of thickening of the mucosa and diminished 
peristalsis. Gerstel’s^’^ patient had severe diarrhea with melcna and 
then intestinal obstruction. In the case observed by IMollow and Lebcll 
there were persistent abdominal pain and constipation due to partial 
obstruction of the sigmoid colon. 

Amyloid involvement of the heart occasionally leads to cardiac insuffi- 
ciency. However, symptoms referable to cardiac failure may be difhcult 
to evaluate. For example, dyspnea maj' be caused by involvement of the 
trachea, lungs or mediastinum or by the secondary anemia which is 
occasionally present. In the reports of 2 cases, however, the authors 
stated definitely that the extensiA-e replacement of the cardiac muscle 
by amyloid contributed to the clinical picture of failure. Although the 
small arteries are often difTuscly involved, the blood pressure is either 
normal or slightly low.®" Intermittent claudication was present in the 
case observed by Weber and his colleagues.®" 

Purpura is a frequent symptom and is presumabl}’- due to amyloid 
infiltration of blood vessels. The hemorrhages arc most common in the 
skin but also occur in the tongue and mucous membranes. There may be 
a tendency to bruise readily.^* Hematemesis and melena have been 
described, and in the case of Picchini and Fabris ®f^ there were hemor- 
rhages in the eyegrounds. Hematuria was present in 2 cases.’® Exten- 
sive cutaneous hemorrhages occurred in Lubarsch’s®" second case, in 
which a diagnosis of thrombocytopenic purpura was made. However, 
since the platelet count was 189,000 and the bleeding time three and 
one-half minutes, this diagnosis appears doubtful, and the bleeding may 
have been secondary to amyloid disease. 

Other symptoms and signs include amenorrhea due to amyloid 
infiltration of the uterus ®'' and dyspnea caused bj’- extensive laiwngeal 
involvement with obstruction.®'^ Difficulty in micturition, impotence and 
pupillary changes in the patient observed by DeNavasquez and Treble 
were ascribed to infiltration of the autonomic nervous system. 

The distribution of the amyloid at autopsy was often \^ery extensir^e 
The most frequently affected organs were the tongue, heart, stomach, 

13. Perla and Gross.^" DeNavasquez and Treble.®'’ 
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intestine and skeletal muscles. In 17 cases there was involvement of 
component organs of the cardiorespiratory, gastrointestinal and skeletal 
systems. The tongue was the seat of amyloid deposits in 20 of the 
24 cases. Involvement of the heart occurred in 19 cases but in 2 of these 
was confined to the subepicardium.^® The weights of the affected hearts 
were usually within nonnal limits or slightly increased. However, the 
hearts of 2 patients weighed 545 and 750 Gm. respectively.^^ Infiltra- 
tion of the valves of the heart occurred in the instance reported by 
Wild,®" as well as in the present case. There was amyloid in the gastro- 
intestinal tract in 16 cases and in the sl6n in 8 cases. Involvement of 
the lungs, diaphragm, lymph nodes and serosal surfaces such as the 
pei'itoneum, pericardium and pleura was not uncommon. The involve- 
ment of lymph nodes may be universal or localized.^® Infiltration of 
skeletal muscles occurred in 10 cases, of tendons and joints in 4 and of 
bone in 2. Other sites of deposit include the lips, interior of the mouth, 
pharynx, esophagus, larynx, trachea, bladder, anus and practically the 
entire genital tract of the male and of the female. Involvement of the 
dura mater ® and of the vessels of the choroid plexus and pia mater 
has been reported, but there is no instance of deposit in the brain. 
DeNavasquez and Treble described infiltration of the posterior roots 
and sympathetic ganglions from the cervical, thoracic and lumbar regions 
and of peripheral nerves such as the ulnar, sciatic and peroneal. In the 
ganglions amyloid was found in nodular form between the ganglion 
cells and axis-cylinders. In many of the cases there was widespread 
involvement of small blood vessels, especially arteries, which in some 
instances included vessels in the liver, spleen and kidneys. 

Primary systemic amyloidosis is a rare disease and consequently 
difficult to diagnose clinically unless its characteristics, distribution and 
fairly unifonn group of symptoms and signs are kept in mind. It may 
simulate carcinoma of the tongue, scleroderma, myotonia, arthritis or 
any combination of these. In the case described by DeNavasquez and 
Treble®*^ the association of cardiac failure, peripheral neuritis and diar- 
rhea suggested beriberi. Involvement of the lungs may be mistaken for 
carcinoma."^ In 6 of the 23 cases collected the diagnosis was established 
by means of biopsy of tissues from various sites including the skin,^- 
tongue buccal mucosa, skeletal muscle vagina and finger tip.®® 
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With respect to biopsies it should be remembered that the specific stains 
for amyloid may be atypical in color or faint in intensity; they may fade 
rapidly: in some instances they arc entirely negative. In several cases 
the amyloid gave positive reactions witli methyl violet but was weak or 
negative to iodine and sulfuric acid and to congo red."" In Gottron’s 
case, however, the congo red stains were positive and the methyl violet 
negative. The reactions may be typical in some areas of deposit and 
negative in other areas.-*'* In some of the ca.scs. including our own, the 
staining reactions were entirely typical.-* Aid in diagnosis may be 
obtained by the use of the intravenous congo red test. Both positive 
and negative results have been reported with this method in cases of 
primary systemic amyloidosis. In respect to diagnosis. Lijistein’s 
recent evaluation of the congo red test for amyloidosis is of interest. 
In a series of 125 tuberculous patients be correlated the percent.age of 
dye absorbed clinically with the presence or absence of amyloid at 
autopsy and concluded that the tests could be interpreted as confirmatory 
evidence of amyloid disesac only when the ])erccntage of dye absorbed 
was 90 or higher. 

That multiple myeloma is frequently accompanied by amyloid disease 
is well known. This association is obviously loo frequent to be merely 
coincidental. Magnus-Levy expressed the belief that the Bence Jones 
protein in cases of myeloma is chemically related to amyloid. Since the 
amyloid in cases of myeloma has the distril)ution and character of that 
in the primary form of the disease, the possibility of myeloma must be 
considered both cliirically and at autopsy in every instance of amyloid 
disease of unknown cause. This is particularly true of amyloid involve- 
ment of joints and bone. In Glaus’s case apparently primary systemic 
am)doid disease involving the tongue, heart, gastrointestinal tract, skin, 
skeletal muscles, lungs and bone marrow was shown at autopsy to be 
associated with multiple myeloma. Among the'cases of primary systemic 
amyloidosis tabulated there is presumably no instance of an association 
of amyloidosis Avith myeloma. A number of authors have emphasized 
that they found no evidence of such a tumor. j\'Iyeloma was ruled out 
in our case. In the patient observed by Michelson and Lynch the 
roentgenograms showed demineralization of bone suggesting disuse 
. atrophy and were not diagnostic of myeloma. However, because of 
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Bence Jones proteinuria, the possibilit}'- of mj'eloina cannot be definitely 
excluded in their case without autopsy. As far as is known, Bence Jones 
proteinuria was not present in any other case, although examinations for 
this substance have apparently been performed in only a few instances.^® 

In the present case of primar)'- systemic amyloidosis there was wide- 
spread involvement of joints and secondarily of bone. The patient came 
under medical observation because of a pathologic fracture. The fourteen 
year duration of the disease is noteworthy. During the terminal two 
and one-half year period of clinical observation the patient remained 
in fair general health. In the following respects the condition in the 
present case is fairly typical of primary systemic amyloid disease: 
1. There was no preceding or concurrent disease. 2. The involvement 
was limited to mesodermal structures, such as smooth and skeletal muscle 
and joints. 3. The amyloid was deposited in nodular form as illustrated 
in the intestinal and cardiac lesions. The amyloid gave consistently 
positive staining reactions with the Congo red, methyl green, and iodine 
and sulfuric acid methods. Moreover, the results were positive with 
fresh tissue, with tissue fixed in solution of formaldehyde and with 
paraffin-embedded tissue. Special stains showed an insignificant 
amount of fat in the amyloid. This has been the general experience 
in other cases, although the presence of considerable amounts of fat has 
been reported.®'^ The intravital congo red test was negative. 

The extensive involvement of joints and of bones is of especial 
interest. Masses of amyloid replaced the articular capsules and liga- 
ments of the joints and extended into the joint cavities and intra- 
capsular portions of bone. This together with the involvement of 
tendons resulted in stiffness and partial ankylosis of the joints, with 
limitation of motion. The invasion of the left femur led to destruc- 
tion of the entire neck of the bone and pathologic fracture. Although 
this fracture was complete and resulted in separation of the head of 
the femur, the mass of amyloid replacing the bone was so extensive 
and rigid that the patient was later able to resume slight bearing of 
weight. 

Involvement of tendons and joints in primary systemic amyloidosis 
has been reported previously b)'^ Beneke,®** Lubarsch and von Bons- 
dorff.®“ In the cases of Gottron and Michelson and Lynch there 
were arthritic symptoms which suggested joint involvement, but no 
autopsies were performed. In a case of Beneke’s of primary local 
amyloid disease of the heart there Av^as, in addition, diffuse involvement 
by amyloid of tendons and of the ligaments and capsules of the joints. 
In the first of Lubarsch’s 3 cases there were amyloid deposits in the 
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capsules of the knee and hip joints and in the adjacent tendons. Von 
Bonsdorff’s case is similar to our own. The articular capsules of 
the shoulder and elbow joints were replaced by amyloid, which invaded 
the joint spaces and by direct prcssm'c eroded the head and lesser 
tubercle of the humerus and the olecranon of the ulna. This destruc- 
tion of bone was demonstrated in roentgenograms during life and at 
autopsy. Amyloid tumors of the joints have been reported in asso- 
ciation with multiple myeloma.'''® 

Primary amyloid disease of bone is rare. In generalized secondary 
amyloidosis bone is usually uninvolved, allbough there may be infiltra- 
tion of the small vessels of the marrow. Alore common arc secondary 
deposits of amyloid in bone or bone marrow the scat of chronic disease 
or within sarcomas or blastomas of bone, especially multiple mye- 
loma.®' The present case and that of von Bonsdorff arc the only 
instances of bone involvement in primary systemic amyloidosis. Soli- 
tary primary amyloid tumors of bone involving the sixth and ninth 
right ribs have been recorded by Edens and Hedrcn,"® respectively. 
In Edens’ case there was also involvement of the liver, spleen, kidneys, 
stomach and intestine. Mandl ®” described a case of isolated primary 
amyloid tumor of the third thoracic vertebra with collapse of the bone. 
Pressure on the spinal cord produced transverse myelitis. Gerber 
recently reported a case of atypical primary amyloid disease involving 
the liver, spleen and kidneys and ditTusc amyloidosis of the bone mar- 
row associated with collapse of the ninth thoracic and first lumbar 
vertebrae. In all these cases the amyloid was deposited in the reticulum 
and vessels of the marrow, and the destruction of bone was probably 
caused secondarily by the pressure of the infiltrating am3doid. In 
Mandl’s case, however, ischemia may have been a factor since the 
amyloid involvement of the small arteries resulted in virtual occlusion 
of their lumens. In none of the cases was there reactive formation 
of new bone. 

Involvement of the cardiac valves in primary systemic amyloidosis 
is unusual, having been described previously only by Wild.®" In his 
case the only information available is that the valve leaflets were 
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thickened as a result of extensive amyloid disease. In Israel’s^® case 
amyloidosis involved the mitral, tricuspid and pulmonic valves as well 
as the heart, mouth, larynx, skin and mediastinum, but the deposition 
of amyloid may have been due to cirrhosis of the liver. Involvement 
of the valves in isolated primary amyloid disease of the heart is usually 
slight, although in Koller’s case the mitral and tricuspid valves were 
the seat of extensive deposits. In describing the experimental amy- 
loidosis produced in mice by injections of sodium caseinate Jaffe^® 
mentioned lesions of the cardiac valves. The involvement was found 
mainly in the mitral leaflets, where the amyloid was deposited as a 
compact la3^er near the auricular surface. In the present case the 
severe amyloid involvement of the valves resulted in deformity and 
circulator}^ changes. The aortic valve presented thick, shortened cusps, 
so completely immobile as to preclude their ability to flap or to approxi- 
mate in diastole. The mitral leaflets were likewise thickened, stiff 
and immobile. Both valves presented rigid stenotic orifices. The 
severe passive hyperemia of the lungs was comparable to that seen with 
chronic rheumatic mitral stenosis. There were hypertrophy and dilata- 
tion of the right ventricle, passive hyperemia of the liver and other 
viscera and hypertrophy of the left ventricle, which was attributed 
to the aortic valvular disease. The amount of amyloid deposited in 
the ventricles was not sufficiently great to contribute to their hyper- 
trophy. Examination of the heart failed to reveal evidence of healed 
rheumatic disease. Numerous microscopic sections of the free por- 
tions of the cardiac A^alves showed considerable deposit of amyloid, 
but none was found in the blood vessels. Elsewhei'e in the body, even 
in such relatively avascular structures as tendons and the ligaments of 
joints, the small blood vessels in the neighborhood of amyloid nodules, 
especially arteries, almost invariably showed am3doid infiltration. The 
extensive invoh'^ement of the leaflets ma}’’ perhaps be explained b}’' 
direct extension of am3doid from the ring of the valve. 

The origin of am3doid in both the primary and the secondai*}'’ form of 
am3doidosis is still obscure. Little is known of the nature of am3doid 
other than what is known of its protein content, homogeneous char- 
acter and staining reactions. The variable staining of the material in 
the primaiy disease as contrasted with the uniform staining in the secon- 
dar}^ form indicates that the two t3'^pes are not identical. The material 
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recognized histologically as amyloid probably has a variable chemical 
composition and comprises a group of closel}'^ related substances, 

The pathogenesis of primary systemic amyloidosis is unknown. 
Whether the amyloid is the product of infiltration or of degeneration 
is not clear. The regularity with which the substance is restricted to 
muscle and connective tissue is significant, Warren pointed out that 
since amyloid may be formed in connective tissue at a considerable 
distance from blood vessels, the substance is the ])roduct of abnormal 
fibroblastic activity. Reimann, Koucky and Rkhmd suggested a gen- 
eralized metabolic perversion of tissue of mesodermal origin. I^.arsen,'”'’ 
however, in a study of primary myocardial amyloidosis concluded that 
amyloid is always deposited primarily about venocapillary endothelium. 
By means of serial sections he established the continuity of nodules 
of amyloid in isolated areas with deposits around the endothelium of 
vessels. 

Letterer^* expressed the belief that an ctiologic relationship exists 
between amyloidosis and hyperglobulinemia. There is experimental 
evidence to support this idea. Reimann and Eklund found that 
increase in blood globulin regularly accomjwnied the amyloidosis which 
they produced in rabbits by injections of sodium caseinate. Dick and 
Loiter also noted hyperglobulinemia in association with the amy- 
loidosis produced in rabbits by the use of various strains of strepto- 
cocci, _ Amyloid disease occurs frequently in horses used to produce 
various antiserums,'^ and such animals show an increase, often marked, 
in serum globulin.'® Clinically, only a few determinations of blood 
protein have been made in cases of primary systemic amyloidosis, and 
these were within normal limits.''® Hyperglobulinemia is rare with 
secondary amyloidosis. It has been reported in cases of multiple 
myeloma, in which the increase in plasma protein was almost entirely 
in the euglobulin fraction.®® I'he experimental findings suggest that 
amyloid may represent a reaction between some component of the scrum 
globulin and certain fixed tissue elements which in the case of primary 
amyloidosis are present in mesoblastic structures or in the walls of 
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capillaries or arterioles. Such a reaction may possibly be of antigen- 
antibody nature and may have an allergic basis. 

SUMMARY 

A case of primary systemic amyloidosis is reported. The duration 
of the disease was fourteen years. There was extensive involvement of 
the joints and of bones, with pathologic fracture of the left femur, 
and there was extensive amyloid infiltration of the valves of the heart. 

Primary systemic amyloidosis, although rare, has become a recog- 
nized entity. There are now in the literature reports of 23 cases. The 
disease is apparentl)'- primary and is characterized by a general distri- 
bution of amyloid in mesodermal structures of the body, especially in 
smooth and skeletal muscle. The most frequently affected organs are 
the tongue, heart, stomach, intestine and skeletal muscles. The liver, 
spleen and kidney, usually affected in the secondary form of amy- 
loidosis, are rarely involved. 

The genesis of the disease is obscure. Whether the amyloid is the 
result of infiltration or of degeneration of mesodermal tissue is not clear. 
The atypical staining of the amyloid in the primary form as contrasted 
with the uniform staining in secondary amyloidosis suggests that the 
two types are not identical. The material recognized histologically as 
am3doid probably comprises a group of substances closely related in 
chemical structure. 
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LESIONS PRODUCED BY TUBERCLE 
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EDWARD IIEIIRE, M.D. 

AND 

JULES FREUND, M.D. 

NIAV YOKK 

Experimental tuberculosis has been studied mainly in the guinea 
pig and rabbit. The lormcr species is used because it contracts tuber- 
culosis with little resistance, and the latter, because it is highly suscep- 
tible to infection by the bovine type of tubercle bacilli. It seems desirable 
to approach some questions of pathogenesis and immunity through 
-Studies in a highly resistant species, the albino rat. Tuberculosis in the 
rat may offer opportunities to correlate some aspects of the disease under 
conditions not observed in the highly susceptible species of animals. 

In general, the rat stands apart from man and many lower animals 
in regard to phenomena of hypersensitiveness and antibody formation. 
Anaphylaxis is demonstrable with difficulty in the rat (Longcope^; 
Parker and Parker-) and the Arthus phenomenon cannot be induced 
(Longcope L Opie'*). Neither has the tuberculin .skin reaction or 
the Koch phenomenon been elicited in this species (Boquet and Negre; 
Gloyne and Page;® Ornstein and Steinbach ; " Boquet, Negre and 
Valtis; ’’ M. I. Smith; ® W. Jadassohn ®). 

Some workers have attempted to correlate the allergic reactivity of 
the skin of the guinea pig and of the rabbit with tubercle formation and 
caseation. The lack of skin reactivity in the rat when studied in con- 
junction with the pathogenesis of tuberculosis may throw additional 
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light on the possible relationship of allergy to some aspect of the disease, 
for instance, caseation. 

Many attempts have been made to produce “tuberculin death” in 
the rat. Most of them have failed (Boquet and Negre;^ Gloyne and 
Page;® Ornstein and Steinbach;® Boquet, Negre and Valtis;" Schiitze 
and Zilva’-®). Smith and Hendrick found that the intraperitoneal 
injection of 0.5 cc. of tuberculin killed few tuberculous rats when they 
were kept on a normal diet but killed most of them when they were 
fed on a diet deficient in vitamin A. More recently, M. I. Smith ® 
studied the effect of an intravenous injection of a filtrate (protein) 
from cultures of tubercle bacilli on tuberculous rats. He found that 
10 mg. of protein killed 1 of 12, 50 mg. 6 of 10 and 100 mg. all of 10 
tuberculous rats. All noi'mal rats were resistant to 200 mg., but 3 of 5 
died after an injection of 300 mg. Lack of vitamin A made both normal 
and tuberculous rats more susceptible to the lethal effect of tuberculo- 
protein. Rats submitted to intraperitoneal injection of heat-killed 
tubercle bacilli were not sensitive to tuberculin. 

The rat seems to be an unusual species in regard to antibody forma- 
tion. The production of antibodies against either toxins or foreign 
proteins is scant (Coca and others ; Longcope ; ^ Parker and Parker “) . 
Ornstein and Steinbach ° reported that rats infected with tubercle bacilli 
do not produce antibodies. 

The first systematic investigation of the pathogenesis of tuberculosis 
in the rat was made by the British Royal Commission on Tuberculosis.^® 
They concluded that the rat is highly resistant to infection with tubercle 
bacilli and that infection in the rat differs conspicuously from that in 
man and susceptible lower animals. The commission found that when 
the rat is infected subcutaneously with tubercle bacilli or is fed tubercle 
bacilli it fails to present generalized tuberculosis. After intraperitoneal 
or intravenous injection of very large doses of human or bovine tubercle 
bacilli rats may die with the Yersin type of tuberculosis, which is 
characterized by abundant multiplication of organisms in the tissues in 
the absence of tubercles. Gloyne and Page,® using rats, injected 
1,000,000,000 huniair tubeixle bacilli into the subcutaneous tissue, peri- 
toneal cavity or testis and observed the results for forty-five days. 

10. Schiitze, H., and Zilva, S. S.: J. Hyg. 26:204, 1927. 

11. Smith, M. I., and Hendrick, E. G.: J. Lab. & Clin. Med. 11:712, 1926. 

12. Coca, A.; Russell, E. F., and Baughmann, W. H. : J. Immunol. 6:387, 1921. 

13. Report of the Royal Commission on Tuberculosis (1907-1911), cited by 
Cobbett, L. : The Causes of Tuberculosis, Cambridge, University Press, 1917, p. 
443; cited by Glojme and Page; ^ cited by Griffith, A. S. ; Experimental Tubercu- 
losis, in A System of Bacteriology, Privy Council, Medical Research Council, 
London, His Majesty’s Stationery Office, 1930, vol. S, p. 169. 

14. Yersin, M. A.; Ann. Inst. Pasteur 2:245, 1888. 
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Macroscopic tubercles were found in the lungs of only a few animals. 
Microscopic lesions were seen in the lungs, spleen, liver, lymph nodes 
and bone marrow. These comprised poorly stained collections of phago- 
cytes with tubercle bacilli in and around them. Liinge found that 
rats which received approximately 1,500,000 bovine tubercle bacilli into 
the subcutaneous tissue acquired histologic tubercles at the sites of injec- 
tion and in the draining lymph nodes. The tubercles and tubercle bacilli 
gradually disappeared, brnstcin and Steinbach “ gave rats an intra- 
peritoneal injection of 0.33 mg. of a human strain of low virulence 
(H37). The animals were killed from three to ninety-three days after 
infection. Macroscopic or microscopic tubercles were not found, but 
tubercle bacilli were present m smears and sections of many organs. 
The authors were able to infect guinea pigs with the rat tissues. INIorc 
recently Steinbach has confirmed and extended these observations. 
Rats that received 1 mg. of human (H37) or bovine (Bl) tubercle 
bacilli intraperitoncally had no macroscopic or microscopic tuberculous 
lesions from tiyenty-fivc to two hundred and six days after inoculation, 
although the bacilli were found in smears and histologic sections of the 
viscera. Rats subjected to adrenalectomy or thy ropara thyroidectomy and 
similarly infected with bovine tubercle bacilli of the Bl strain had 
■ macroscopic and microscopic tubercles of the spleen, liver, omentum, 
retroperitoneal lymph nodes and diaphragm within two months after 
infection. Caseation was often observed. 

Smith and Hendrick studied tuberculous lesions in rats given an 
intraperitoneal injection of 5 mg. of a human strain of tubercle bacilli, 
of low virulence (H37). They observed large multinucleated cells with 
eosinophilic cytoplasm and occasional giant cells in the omentum, spleen, 
liver and lymph nodes, as well as aggregates composed of epithelioid 
cells, large multinucleated epithelioid cells, occasional giant cells and 
lymphocytes in the lungs. Caseation was never observed, but intra- 
cellular lipoid globules were found in the epithelioid cells in the lungs. 
Large numbers of bacilli were found in the lungs of rats dying one year 
after infection. The other organs contained few tubercle bacilli. Long 
and Vorwald^" and Vorwald^® examined histologic sections of lungs 
of rats six months after an intrar^enous injection of approximately 0.01 
mg. of human tubercle bacilli (H37). They found typical tubercles, 
containing tubercle bacilli, with no caseation. 

The plan of the present work was to study the cutaneous sensitive- 
ness, the systemic reaction to tuberculin and the production of comple- 

15. Lange, L. B.: Am. Rev. Tuberc. 7:49, 1923; 11:241, 1925; 15:629, 1927. 

16. Steinbach, M. : Am. Rev. Tuberc. 26:52, 1932. 

17. Long, E. R., and Vorwald, A. J. : Nat. Tuberc. A. Tr. 26:205, 1930. 

18. Vorwald, A. J.: Am. Rev. Tuberc. 27:270, 1933. 
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ment-fixing antibodies in rats after an injection of heat-killed tubercle 
bacilli or after infection. The pathogenesis of tuberculosis was studied 
in normal and immunized animals. 


MATERIAL AND METITODS 

Mature male albino rats weighing from 130 to 170 Gm. were used. The diet 
was a mixture of hominy, sodium chloride, rolled oats, meat scraps, skimmed 
milk and wheat, which was fed four times a week; a mixture of lettuce and 
cauliflower or broccoli stems was fed three times a week; and dog biscuits 
were given twice a week. Rats have been maintained on this diet for several years 
and" have not shown signs of avitaminosis. 

The tubercle bacilli used were of the bovine type, strain Ravenel, isolated more 
than twenty years ago by Dr. M. Ravenel. This strain possesses high virulence, 
so that 0.00001 mg. injected intravenously kills rabbits with extensive pulmonary 
and renal tuberculosis in from three to six months. Rats. were infected with 1 
mg. and occasionally 10 mg. of this strain. Injections were made through a 29 
gage hypodermic needle into the exposed left femoral vein. 

A suspension of killed tubercle bacilli was employed both as an immunizing 
agent and as antigen for complement fixation. It was prepared- in the following 
manner : Weighed amounts of bacillary growth on glycerin agar, approximately 
five weeks old, were ground and suspended in saline solution; 1 cc. of the 
suspension contained 10 mg. The suspension was heated in an Arnold steam box 
for half an hour at 100 C. and preserved with 0.35 per cent cresol, U. S. P. 

Tuberculin prepared from cultures of the Ravenel strain was approximately 
one and a half times as potent as the international standard tuberculin. As a rule, 
0.1 cc. of a 1 in 5 dilution was injected into the skin. Varying quantities of the 
same dilution were used for intraperitoneal injection. 

Complement fixation was employed to determine the antibody titer of the blood. 
Fresh rat serums were inactivated by heating at 55 C. for thirty minutes. 
Approximately one fourth of the self-inhibiting dose of the antigen was used in 
the complement fixation. The complement, namely, guinea pig serum, was always 
freshly titrated, and 2j4 units was used. For the test 0.25 cc. of each of the afore- 
mentioned ingredients was incubated in a water bath at 37 ,C. for one hour. Then 
0.25 cc. of a suspension of washed sheep cells (in one twentieth of their concen- 
tration in whole blood) and 0.25 cc., or 2 units, of antisheep hemolysin was added. 
The whole system was then incubated at 37 C. until the standard serum indicated 
completion of the second phase. To insure the accuracy of the test, a standard 
serum was always included. This was obtained from a rabbit that had been 
immunized by a series of injections of tubercle bacilli and was preserved in the 


18a. Purima Dog Chow contains : 


Wheat germ 
Barley 

- Carotine (vegetable compound) 
Malt 

Dried beef pulp 
Dried skimmed milk 
Brewers’ dried yeast 

Protein, 20 per cent; fat, 6 per cent; 
46 per cent. 


Dried meat 
Molasses 
Corn grit 
Cereal feed 
Cod liver oil 
Iodized salt 

-, 6 per cent, and nitrogen-free extract. 
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dried state in 0.5 cc. portions according to the nietliod of Elscr, Tlioinas and 
Steffen i'* or that of Flosdorf and Mudd.=‘> Each sample of dried scrum was 
recovered as needed by tlic addition of 0.5 cc. of distilled water. That the method 
of drying yielded uniform samples was sliown hy testing 3 samples of dried 
serum simultaneously. The variation, if any, in the complement fixation tests over 
a period of months was slight, since the highest dilution of tlie standard serum 
that fixed complement was always the same. 

The methods used in the immunization of rats with heat-killed tubercle bacilli 
were as follows: The animals of group A received a weekly intracutancous 
injection of 0.1 mg. of heat-killed tubercle bacilli, respectively, for eight weeks. 
The rats in group B received, in all, seven intracutancous injections of 0.2 mg. of 
heat-killed tubercle bacilli, given at four day intervals. The animals of group C 
were each given seven simultaneous subcutaneous injections of 0.2 mg. of heat- 
killed tubercle bacilli, followed by weekly subcutaneous injections of 0.2 mg. each 
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Ml-. 

Route 
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0 
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0 
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Intraperitoneal 
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23 
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50 
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51, 52 

3),S4 
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50 

95 


+ 

0 
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Intraperitoneal 

53 

14 


4- 

Within 1 day 




24,25 

90 


"h 

Within 1 day 


* This rat was infected with 10 nit;, of tubercle bacilli, injected intravenously. 


for four weeks. Some of these animals (constituting group D) received one or 
two intraperitoneal injections of 0.2 mg. of heat-killed bacilli within twenty-one 
days after the last subcutaneous injections. 

EXPERIMENTAL OBSERVATIONS 

Hyperseiisitiveiiess . — Ten tuberculous rats were tested by injecting 
intracutaneously into each 20 mg. of tuberculin at one or more intervals 
varying from thirteen to one hundred and seventy-five days after infec- 
tion. In no instance was a positive 'skin reaction, i. e., redness and 
edema, obtained. In contrast to the lack of skin reaction, systemic 
reactions occurred in some of the rats so treated (table 1). The rats 

19. Elser, W. J.; Thomas, R. A., and Steffen, G. I.: J. Immunol 28-433 
1935. 

20. Flosdorf, E. W., and Mudd, S. : J. Immunol. 29:389, 1935. 
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tested thirteen, twenty-nine and forty-six days after infection gave no 
evidence of hypersensitiveness, but 3 of 4 rats that received 20 mg. of 
tuberculin intradermally from seventy to one hundred and forty-five 
days after infection became ill and died within two days after the 
injection. Four rats that were tested with tuberculin from one hundred 
arid sixty-four to one hundred and seventy-five days after infection 
became ill, as was indicated by irritability and ruffling of the body hair, 
but survived the injection. Twenty milligrams of tuberculin was injected 
into the peritoneal cavity of each of 5 tuberculous animals at one or 
more intervals varying from thirty-four to ninety- five days after infec- 
tion. The symptoms of irritability and ruffling of hair followed each 
injection, but only a single rat died. In a final experiment 1 rat,- infected 
fourteen days previously and 2 rats, infected ninety-six da3fs pre- 
viously, were given an intraperitoneal injection of 100 mg. of tuberculin. 
All died within twenty-four hours. These observations suggest that the 


Table 2. — Tuberculin Reactions in Rats Immunised with Heat-Killed 

Tubercle Bacilli 
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Skin 
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5 
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0 

0 
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B 

5 
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0 

0 
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0 

2 

9 

0 

0 

0 
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D 

1 

29 



0 



D 

1 

29 

•• 

-i- 

In 5 days 


site of injection, i. e., the skin or the peritoneal cavity, did not influence 
the systemic effect of tuberculin. Table 1 also shows that neither 
cutaneous reaction’to nor death from tuberculin occurred in normal rats. 
As large an amount as 1,000 mg. of tuberculin injected into the peri- 
toneal cavity of a normal rat failed to cause noticeable general reaction. 

The injection of heat-killed tubercle bacilli into the skin of normal 
rats was followed by the formation of nodules from 2 to 4 mm. across 
and less than 0.5 mm. high at the sites of injection. These nodules did 
not increase in size or ulcerate. This reaction to the antigen did not 
change when the injection was repeated. Rats repeatedly given injec- 
tions of heat-killed tubercle bacilli did not show local reactions to 20 mg. 
of tuberculin injected into the skin (table 2), and systemic reactions did 
not follow these injections. On introduction of 1,000 mg. of tuberculin 
into the peritoneal cavity of each of 2 immunized rats, general malaise 
developed in both. One died after five days. 

In rats first immunized with heat-killed tubercle bacilli and later 
infected with living tubercle bacilli skin reactions to tuberculin did not 
occur. However, systemic reactions and death were produced regu- 
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larly and promptly (table 3). A comjjai'ison of tables 1 and 3 suggests 
that the injection of heat-killed tubercle bacilli prior to infection made 
the rats more susceptible to the toxic action of tuberculin. 

Antibody Formal ion . — Complement fixation tests wci'c performed on 
46 samples of serum from 31 normal rats. From some of the rats 
samples of blood n-ere obtained on two occasions. Complement fixation 
was observed regularly with undiluted rat serums and frequently (47 
per cent) with scrums diluted 1 in 2.5. As a rule, when serums were 
diluted 1 in 5 fixation did not occur. 'J'here were 5 serums that fixed 
complement in such a dilution (11 per cent). None of the scrums 
reacted in dilutions of 1 in 10, 1 in 20 or 1 in 40. 

Complement fixation was tested with the serums of 12 rats infected 
with 1 mg. or 10 mg. of tuhcrclc bacilli. With 2 rats, tests were made 
forty-nine, eighty-nine and one hundred and forty-five days after infec- 


Table 3. — Tnhcrndin Rcaclioti.'; in Tuberculous Rais Thai Jlad Been luimuniscd 
xuith Heat-Killed Tubercle Bacilli Prior to Infection 
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in 5 to 1 in 40. Complement fixation was obtained-'with 4 serums in 
1 in 5 dilution. A scrum in this group failed to give complement fixa- 
tion when retested on two later occasions. With scrums diluted higher 
than 1 in 5, fixation was never observed. 

While an increase in coniplement-fixing antibodies was not observed 
in rats that had been merely infected with tubercle bacilli, a significant 
rise in antibody titer was noted in those animals that had received 
injections of tuberculin in addition to infection (table 4). Of 7 serums 
from rats that had been infected from one to five months previously 
with 1 mg. of tubercle bacilli and subsequently given 20 mg. of tuber- 
culin on one or more occasions, 5 fixed complement in a dilution of 
1 in 10, and 2 showed fixation in a dilution of 1 in 20. One of these 
when retested several months later was negative in a dilution of 1 in 10. 
Two serums from rats that had received large intraperitoneal injections 
of tuberculin before infection, as well as subsequent small doses, showed 
the same titers of antibody as the serums of infected animals that had ' 
received only small doses of tuberculin. A rat that died following an 
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' intracutaneous injection of 20 mg. of tuberculin gave serum post mortem 
that failed to fix complement in a dilution of 1 in 5. 

The repeated injection of heat-killed tubercle bacilli into normal rats 
induced formation of antibodies regardless of the mode of immuniza- 
tion (table 5). A higher percentage of the animals immunized by the 
intracutaneous route (groups A and B) showed increase in antibodies 

Table 4. — Antibody Titers of Scrums of Tuberculous Rats After Infections 

of Tuberculin 
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* The blood used was obtained after death from reaetion to tuberculin. 
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than of those given subcutaneous injections (group C). The highest 
antibody titers were found when rats had been given one or two intra- 
peritoneal injections of 0.2 mg. of heat-killed tubercle bacilli subse- 
quent to subcutaneous injections (group D). The serums of 5 of 10 
rats so treated fixed complement in a dilution of 1 in 40, and 2 of 
these serums were positive in a dilution of 1 in 80. 

The serums of 7 tuberculous rats that had received a series of intra- 
cutaneous injections of heat-killed tubercle bacilli before infection did 
not fix complement at appreciably higher dilutions than the serums of 
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noiiininniiiized tuberculous jinimals (table 6) . T. wo rats given inti a- 
cutaneous injections of 20 mg. of tuberculin ninety-six clays after 
infection had high antibody titers. 

Tuberculosis in the Rat.— E\ghl adult male albino rats were infected 
intravenously with 1 mg. of the Ravenel strain of bovine tubercle 
bacilli. Three died between twenty-six and eighty-seven days after 
infection. Two died six months after infection. One died ten months 
after, another one year after, while still another survived eighteen 
months. It is uncertain to what extent tuberculosis shortened the normal 
life expectancy of these animals, since we had no control series of 
noninfected animals. IMany of the rats had extensive nontuberculous 
pulmonary lesions, i. e., bronchiectasis and abscesses, that evidently 
preceded tuberculous infection. The only gross lesions of tuberculosis 
induced in these rats were minute tubercles in the lungs and enlarge- 
ment of the spleen. The great resistance of the rat to infection with 


Table 6. — Anlibody Tilers of Sciunts of Tuberculous Rats Thai Had Been 
Immunized tuHh HcaLKUlcd Tubercle Bacilli Previous to Infection 
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* In this r.at 20 mg. of tuberculin had been injected Intracutnncously ninety-six days 
after infection. 


tubercle bacilli is apparent ; for, if i-abbits are infected intravenously 
with 0.00001 mg. of the same strain, they succumb within from three 
to six months and at autopsy present massive tuberculosis of the lungs 
and kidneys (Opie and Freund 

Since the pathogenesis of tuberculosis in rats has been inadequately 
described and is a subject of controversy, a description of the patho- 
logic changes in the animals observed in this study is desirable. Post- 
mortem examinations were made of 26 rats that died or were killed 
from two hours to eighteen months after the intravenous injection of 
1 mg. of bovine tubercle bacilli. Parts of the lungs, spleen, liver and 
kidneys were fixed in Zenker’s fluid, embedded in paraffln and cut 6 
microns in thickness. Duplicate sections were stained with hematoxylin 
and eosin and by the Ziehl-Neelsen method. The fate of the injected 
tubercle bacilli was followed by counting the number of acid-fast rods 
in 100 oil immersion fields (Zeiss, X 900) of the sections stained by 
the Ziehl-Neelsen method. 


21. Opie, E. L., and Freund, J. ; J. Exper. Med. 66:761, 1937. 
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Lung; The lungs of all animals infected more than one month 
previously showed minute grayish white nodules, discrete and confluent, 
uniformly distidbuted over their pleural and cut surfaces (fig. lA). 
These gross tuberculous lesions were differentiated from the spontaneous 
abscesses of the lungs found in many rats by their small size, gray 
color and uniform distribution. Histologic examination revealed tuber- 
culous lesions in various stages of development in all of the animals. 

Two hours after infection, clumps of acid-fast bacilli were found in 
the alveolar capillaries in the subpleural region, and occasional bacilli 
were seen in single polymorphonuclear leukoc 3 ftes or large mononuclear 
cells in the alveolar septums. From three to fifteen daj'-s after infec- 
tion, tubercle bacilli were found in round collections of large mono- 
nuclear cells in the alveolar septvuns. After the second week, these 
simple tubercles, measuring 20 to 60 microns in diameter, changed 
little in size and were often intra-alveolar. The cells that formed them 
had the character of epithelioid cells and often contained acid-fast bacilli. 
In them, also, were granules that assumed a brown color but were not 
acid-fast by the Ziehl-Neelsen method. The cells had light staining oval 
or irregularly elongated nuclei, containing a few coarse chromatin gran- 
ules, a prominent nucleolus and a heavy folded nuclear membrane. 
Their C 3 ’’toplasm was abundant, lightl 3 '- acidophilic and reticulated, and 
the cell boundaries were often indistinct. Single necrotic epithelioid 
cells were seen in man 3 '^ of the tubercles, but caseation was never 
observed. Occasional giant cells of the Langhans type, containing bacilli 
and granules, were found within the pulmonary alveoli of most animals 
after the second week. 

The minute tubercles that we saw on the surfaces of the lungs of 
all rats after one month (fig. 1 A) were subpleural groups of epithelioid 
cells, in part within the septums and in part, intra-alveolar ; i. e., asso- 
ciated with a small tubercle there was a subpleural focus of tuberculous 
pneumonia (fig. IB). 

Table 7 shows the number of acid-fast rods demonstrable in 100 
oil immersion fields in sections of lung. Two hours after infection, 
approximated 200 bacilli per hundred fields were demonstrable. Fewer 
tubercle bacilli were found iii 14 animals that were killed within seventy- 
two days after infection, although an animal that died twent 3 '^-six days 
after infection had a very large number of organisms in the lungs. 
After seventy-three days, the figures varied but were on the whole 
higher than in the earlier period. In 3 animals that died six, twelve 
and eighteen months after infection the number of tubercle bacilli in 
the lungs was high, i. e., several thousand per hundred oil immersion 
fields. 

The lesions in animals that had tubercle bacilli in great numbers in 
their lungs were similar to those in the other rats. Caseation was 
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Fig. 1. — A, posterior aspect o! the lungs of rat 51 which died ten months after 
an intravenous infection with 1 mg. of bovine tubercle bacilli. Note the discrete 
and confluent tubercles distributed over the surfaces of these lungs (natural size). 
B, section through a tubercle below the surface of the lung of rat M12, which 
was killed forty-nine days after infection; X 200. The tubercle is a group of 
septal and intra-alveolar collections of epithelioid cells in which tubercle bacilli 
are found. Note the Langhans giant cell. 
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absent, and the number of epithelioid cells with necrosis was small; 
tubercle bacilli were seen in groups in small tubercles composed of 
epithelioid cells and among the peripherally placed nuclei of giant 
cells. Granules which were not acid-fast were seen within epithelioid 
cells of many of the tubercles after one week and were regarded as 
presumptive evidence of destruction of tubercle bacilli. Nevertheless, 
the occurrence of well preserved and viable organisms long after infec- 
tion indicates that destruction was not complete, i Numerous acid-fast 
bacilli were seen in epithelioid cells and among the peripherally placed 
nuclei of giant cells in the lungs of a rat eighteen months after infection 

Table 7. — Tuhevclc Bacilli in One Hundred Oil Immersion Fields of Organs of 
Rats Infected Intravenously zvith 1 Mg. of Bovine Tubercle Bacilli 



Time After 
Infection 


Tubercle Bacilli Counted 


Rat 

liUng 

Spleen 

Liver 

43 

2 hours 

272 

19 

0 

41 

2 hours 

177 

13 

0 

42 

3 days 

79 

1 

1 

44 

8 days 

80 

57 

47 

45 

10 days 

30 

2 

24 

15 

15 days 

4 

19 

14 

53* 

15 days 

10 

4 

12 

M13 

19 days 

20 

12 

47 

26t 

26 days 

About 5,000 

385 

143 

M14 

29 days 

0 

6 

0 

16 

31 days 

1 

14 

19 

57* 

33 days 

21 

14 

6 

MIO 

33 days 

0 

0 

0 

Mil 

42 days 

0 

0 

0 

M12 

49 days 

1 

0 

0 

17 

62 days 

23 

0 

0 

11* 

72 days 

48 

0 

12 

St 

73 days 

242 

0 

0 

7t 

87 days 

0 

0 

0 

25* 

97 days 


0 

0 

23* 

147 days 

124 

12 

0 

56t 

181 days 

303 

83 

13 

20t 

186 days 

About 2,000 

0 

0 

51t 

306 days 

131 

0 

8 

52t 

332 days 

About 2,000 


0 

54t 

477 days 

About 5,000 

201 

40 


* Death was due to the reaction to tuberculin, 
t The rat died. 


(fig. 2 A). Lung tissue from this animal, seeded on Petragnani’s 
medium, 3delded abundant growth of tubercle bacilli within one month. 

Spleen : Although macroscopic tubercles were never present in the 
spleen, the organ was enlarged, and microscopic tubercles were present 
in it in all animals after the first week. Two hours after infection, a 
few clumps of acid-fast bacilli were found in the terminal arterioles of 
the pulp, and occasionally acid-fast bacilli were seen in polymorpho- 
nuclear or mononuclear cells in the cords of the pulp. From the end 
of the first week to the end of the fifth week, numerous tubercle bacilli 
were found in many discrete or rarely confluent groups of epithelioid 
cells, measuring from 20 to 40 microns across, and situated in the 
splenic corpuscles and in the pulp cords (fig. 2 5). Single necrotic 
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Fig. 2. — A, giant cell in the lung of rat 54, which died eighteen months after 
infection; X 1,700. Numerous tubercle bacilli may be seen among the peripherally 
placed nuclei, B, spleen of rat 44, \yhich was killed eight days after infection; 
X 62. Numerous small discrete nodules composed of epithelioid cells that contain 
tubercle bacilli are seen in the red and white pulp. The spleen weighed 2 Gm. 
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epithelioid cells were seen- in many of the tubercles, but caseation was 
not observed. Many megakaryocytes, as well as numerous mononuclear 
cells in mitosis, were seen in the splenic pulp. The spleens averaged 
in weight approximately 2 Gm., the weight of the spleen of a normal 
rat being approximately 0.5 Gm. From the sixth week to the tenth 
month, tubercle bacilli were found with difficulty in most of the spleens 
but were abundant in some. The small collections of epithelioid cells 
noted in a foregoing statement were slightly reduced in size. Giant cells 
and fibroblasts were rarely seen. The spleen in this period varied in 
weight from 0.8 to 2.4 Gm. 

From the time of infection up to thirty-five days, tubercle bacilli 
were demonstrable in all spleens (table 7) ; after this time in most 
spleens none was observed. Nevertheless, in animals with exceptionally 
large numbers of tubercle bacilli in the lungs, the organisms were 
demonstrable in the spleen. It is noteworthy that yellowish brown lipoid 
droplets, as well as nonacid-fast granules, occasionally in chains the 
length of tubercle bacilli, were observed in epithelioid cells of many 
spleens after the first month. 

Liver : Macroscopic tubercles were not found in the liver. Small 
microscopic collections of epithelioid cells, often containing tubercle 
bacilli, were seen in the livers of all animals after eight days and were 
similar to those found in sections of lung and spleen. These simple 
tubercles occurred within the hepatic lobule and in periportal spaces; 
their number and size diminished with increasing intervals after infec- 
tion. After corresponding inteiwals they were less numerous in the 
liver than in the lung or spleen. Giant cells were found in the liver of a 
single animal which was killed two weeks after infection. 

Two hours after the injection of 1 mg. of bovine tubercle bacilli, 
no organisms could be demonstrated in the liver; from three to thii'ty- 
five days after infection, they were present in most of the animals. 
After thirty-five days, they were found only in those rats the lungs of 
which had shown the micro-organisms in great numbers. Nonacid-fast 
granules were seen in tubercles of the liver in 2 rats one month and six 
months after infection. 

Kidney : Gross lesions were not found in the kidney. The charac- 
teristic tubercles composed of epithelioid cells were seen in the kidneys of. 
2 rats that were killed ten and thirty-five days after infection. Tubercle 
bacilli were found in scattered large mononuclear cells in the interstitial 
tissue of the kidne}'^ of a single rat eighteen months after infection. 

Tuberculosis in Rats Previously Treated with Heat-Killed Tubercle 
Bacilli . — Autopsies were made on 13 rats that had been given repeated 
injections of heat-killed tubercle bacilli and subsequently infected intra- 
venously with 1 mg. of bovine tubercle bacilli. These animals died or 
were killed from nineteen to one hundred and ser^enty-two da)’’S after 
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infection. Minute macroscopic tubercles Avere found in the lungs of all 
the animals after one month, and conspicuous enlargement of the spleen 
occurred in every rat. There \Yere histologic tubercles composed of 
epithelioid cells in the lungs, spleen and liver of every animal. Occa- 
sional necrotic epithelioid cells were present in many of the tubercles, hut 
caseation was never observed. Giant cells were seen in the lungs of 
most rats hut were found in the spleens or livers of only a few. 1 he 
lesions were similar in every respect to those of the tuberculous rats 
described. 

Tubercle bacilli were present in small numbers in the lungs, spleen 
or liver in 5 immunized and infected rats, and none were found in the 
organs of 8 animals (table 8). A comparison of tables 7 and 8 shows 
that fewer tubercle bacilli were demonstrable in the organs of the 


Table 8. — Tubercle Bacilli in One Hundred Oil Immersion Fields oj Organs of 
Immunized Rats Infected Intravenously with 1 Mg. of 
Bovine Tubercle Bacilli 



Imniuni- 

Time After 


Tubercle Bncllll Counted 



zutlon 

Infection, 

/■" 

- A - 



Rat 

Group 

Day.<! 

Lung 

Spleen 

Liver 

27» 

D 

19 

0 

0 

0 

31* 

D 

19 

0 

0 

0 

JI3 

B 

19 

c 

14 

18 

M9 

B 

29 

0 

0 

0 

MS 

B 

85 

0 

0 

0 

Ml 

B 

42 

0 

0 

0 

M5 

B 

49 

0 

0 

0 

13t 

A 

01 

53 

0 

0 

2t 

A 

74 

4 

19 

0 

0* 

A 

97 

o 

0 

0 

10* 

A 

97 

0 

0 

0 

14* 

A 

97 

0 

0 

0 

C* 

A 

172 

90 

C 



* This rat died of the reaction to tuberculin, 
f This rat died. 


immunized than in the organs of the previously normal rats. Organisms 
were seen in the lungs, spleen or liver in 11 of 15 previously normal rats 
that were examined between nineteen and one hundred and eighty-one 
days after infection (table 7). Nonacid-fast granules were present in 
epithelioid cells in the lungs of all immunized and infected rats and in 
the spleens or livers of only a few animals. 

COMMENT 

The experiments reported in the present paper show that in rats 
in which tuberculosis developed following the intravenous injection 
of 1 or 10 mg. of virulent bovine tubercle bacilli the skin did not react 
to tuberculin. Skin reaction to tuberculin also failed to occur after 
repeated injections of killed tubercle bacilli, even if this treatment was 
followed by infection with bovine tubercle bacilli. The small nodules 
that followed injections of heat-killed tubercle bacilli did not increase 
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in size with repeated injections, as in the rabbit (Opie and Freund-^). 
Tuberculin repeatedly injected into infected rats did not induce cutaneous 
sensitiveness to tuberculin. 

In contrast to the lack of skin reaction to tuberculin, there was 
systemic reaction in infected rats. Normal rats tolerated 1,000 mg. of 
tuberculin injected into the peritoneal cavity. Tuberculous rats died 
after the injection of 20 mg. of tuberculin. It was noteworthy that the 
site of injection of tuberculin, namely, the skin or the peritoneal cavity, 
did not seem to influence the systemic reaction. That the rat possesses a 
high degree of hypersensitiveness is further indicated by the experiments 
of Freund,-- who found that tuberculous guinea pigs succumb to the 
intraperitoneal injection of 120 mg. of tuberculin but not to 60 mg. 
One thousand milligrams of tuberculin injected into 2 rats immunized 
with heat-killed tubercle bacilli caused general malaise in both. One 
of these animals died after five days. 

Our observations in regard to the systemic effect of tuberculin on 
tuberculous rats differ from those recorded in the literature. All pre- 
vious attempts to demonstrate systemic hypersensitiveness to tuberculin 
in tuberculous rats have failed. M. I. Smith, however, found that 
tuberculous rats die with tuberculin shock when very large amounts of 
tuberculoprotein are injected into the blood stream. To explain the 
difference between the reported observations of others and those 
described in the present paper, it is noteworthy that the strain of 
tubercle bacilli used in our experiments is of unusually high .virulence 
(0.00001 mg. injected intravenously kills’ a rabbit in from three to six 
months through extensive pulmonary and renal lesions), and the tuber- 
culin employed is of high potency, approximately one and one-half times 
that of the international standard tuberculin. 

The tuberculous rat is highly susceptible to the systemic action of 
tuberculin although its skin does not react to tuberculin. Cutaneous 
sensitization in the presence of systemic reactivity does not occur in 
young tuberculous guinea pigs (Freund; -- Valtis -®) and in tuberculous 
rabbits in the postallergic phase, i. e., when skin reactivity disappears 
preceding death (Freund, Laidlaw and Mansfield-*). The systemic 
reaction to tuberculin appears to be specific even though tuberculous 
tissues are more susceptible to injurious agents than normal tissues 
(Bordet;-® Freund^®). 

22. Freund, J.: J. Immunol. 13:285, 1927; 17:465, 1929. 

23. Valtis, J. : Compt. rend. Soc. de biol. 99:554, 1928. 

^ 24. Freund, J. ; Laidlaw, E. H., and Mansfield, J. S. : J. Exper. Med. 64:573, 

.1936. 

25. Bordet, P. : Compt. rend. Soc. de biol. 106:1251, 1931. 

26. Freund, J. : Proc. Soc. Exper. Biol. & Med. 30:535, 1933 ; J. Exper. Med. 
60:661 and 669, 1934; J. Immunol. 30:241, 1935. 
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The only report in the literature on the formation of antibodies 
ai^ainst tubercle bacilli in the tuberculous rat is that by Ornstein and 
Steinbach.''' These authors found that complement-hxing antibodies 
were not produced in rats infected with a human strain of very low 
virulence (H37). We did not observe formation of antibodies in rats 
infected with virulent bovine tubercle bacilli. Nevertheless, complement- 
fixiner antibodies were demonstrable in most of the infected rats that 
received one or more injections of tuberculin. Calmette and his 
co-workers stated long ago that the injection of tuberculin promotes 
the formation of complement-fixing antibodies in tuberculous human 
beings. 

The formation of antibodies was demonstrable in most of the rats 
that received repeated injections of heat-killed tubercle bacilli. Anti- 
bodies were produced in all of 4 animals that received intraperitoncal in 
addition to subcutaneous injections of heat-killed tubercle bacilli, and 
the antibody titer varied from 1 in 40 to 1 in 80. 

Our observations show that rats are highly resistant to tuberculosis, 
for a large dose of highly virulent tubercle bacilli has not been fatal to 
them although tuberculous lesions, in most instances containing demon- 
strable tubercle bacilli, have been found in them after death. In these 
rats tuberculosis has progressed for only a short time and tubercles have 
not increased in size or number and have failed to caseate. The Royal 
Commission on Tuberculosis and Ornstein and Steinbach stated that 
tubercle bacilli multiply freely in tissues of the rat without inducing 
the formation of tubercles. We have found that the tubercle bacilli 
induce the formation of tubercles and that the micro-organisms arc in 
epithelioid and giant cells. The number of micro-organisms in these cells 
is moderate in most of the rats, but tubercle bacilli in immense numbers 
were seen in the lungs of 4 rats that died one, six, twelve and eighteen 
months after infection. In most instances, though the disease has failed 
to progress, tubercle bacilli have persisted, and in a few animals they 
have undergone active multiplication and are found in great numbei'S 
within epithelioid and giant cells. 

In the so-called rat leprosy, J. Jadassohn and Muir found 
enormous numbers of acid-fast bacilli in mononuclear cells. The micro- 
organisms were so numerous and closely packed that they appeared in 

27. Calmette, A.; Alassol, L., and Mczic, A.: Compt. rend. Soc. dc biol 73- 
122, 1912. 

28. Jadassohn, J., in Kollc, liV., and "Wasserinann, A, z Uandbucb der path- 
ogenen ilikroorganismen, ed. 3, Jena, Gustav Fischer, 1928, vol. S, p. 1063. 

29. Muir, E.; Leprosy, in A System of Bacteriologj', Privy Council, Aledical 
Research Council, London, His Majestj-’s Stationery Office, 1930, vol. 5, p. 379. 
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stained sections as red masses filling the cytoplasm. They were also 
present in giant cells and free in small blood vessels. 

It is noteworthy that caseation of tubercles occurs in susceptible 
animals, such as the guinea pig and the rabbit, that acquire cutaneous 
sensitization to tuberculin, and is absent in the rat, in which the skin 
reaction does not occur. Nevertheless, caseation occurs in the tuberculous 
lesions of the lower monkeys though their skin is said to be refractory 
to tuberculin. 

SUMMARY 

Rats infected with highly virulent bovine tubercle bacilli fail to react 
with allergic inflammation to tuberculin injected into the skin but are 
killed through tuberculin shock by a small quantity of tuberculin. 

Rats given repeated injections of heat-killed tubercle bacilli do not 
show cutaneous sensitization. 

Rats immunized with heat-killed tubercle bacilli and subsequently 
infected are more susceptible to the systemic action of tuberculin than 
rats that have not been immunized. 

Complement-fixing antibodies are not demonstrable in tuberculous 
rats, but they appear in infected animals after repeated injections of 
tuberculin. 

Rats that receive several injections of heat-killed tubercle bacilli 
intracutaneously or subcutaneously show development of antibodies regu- 
larly; antibody formation is abundant after intraperitoneal injections. 

After inti'avenous injection of 1 mg. of virulent bovine tubercle 
bacilli into the rat macroscopic tubercles develop in the lungs, the spleen 
becomes conspicuously enlarged, and microscopic tubercles are found in 
the spleen, in the liver and rarety in the kidne3^s. These lesions after 
approximately one month do not progress but persist until death. 
Tubercle bacilli are usually found in moderate numbers in epithelioid 
and giant cells. In a few instances tubercle bacilli are demonstrable 
in great numbers in histologic sections and are present within epithelioid 
and giant cells. 

Tuberculosis in rats that have received repeated injections of heat- 
killed tubercle bacilli is similar to tuberculosis in previousty normal ani- 
mals, but in the former there is gi'eater destruction of tubercle bacilli- 
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In a recent study of the incidence of positive immunologic reactions 
for undulant fever, agglutination tests were done on 5,000 unsclected 
blood samples, and skin tests were c<arried out as a routine on 491 of the 
patients whose bloods were tested.’^ 

The agglutination and skin tests for undulant fever are extensively 
used as diagnostic aids. A positive skin reaction is generally believed to 
indicate bacterial sensitization resulting from past or present infection 
with Brucella. 

A review of the literature on undulant fever failed to reveal vcjtorts 
dealing with the histologic picture of the skin reactions in man. For 
this reason, another series of intradermal tests was carried out, and a 
specimen of skin for biopsy was removed from each of the ])ersons 
whose reaction was positive. Tissues were obtained, at intervals from 
forty-eight to one hundred and ninety-two hours after the injection. 

I’ROCEDURK 

The antigen used for the intradermal tests was made from a strain of Brucella 
melitcnsis var. abortus, isolated from a patient with acute undulant fever. The 
strain was grown on a 2 per cent nutrient agar medium for forty-eight hours, 
suspended in physiologic solution of sodium chloride containing 0,5 per cent 
phenol, then diluted to a density of 30 (silica standard), which is about one- 
tenth the density of the usual brucella stock vaccine. The antigen was proved 
to be sterile. 

For the test 0.1 cc. of this antigen was injected intradcrmally into the anterior 
surface of the forearm, and the reaction was observed forty-eight hours later. 
A positive reaction at that time showed a tender edematous area at the site of 
injection, with a central indurated area varying from 1 to 2 cm. in diameter 
and a peripheral zone of erythema from 2 to 8 cm. in diameter. An elliptic segment 
of skin measuring approximately 1 by 2 cm. was excised for histologic study 
from every patient who gave a positive reaction. The skin was removed after 
2 per cent procaine solution had been injected into the normal skin around the 
zone of reaction. The tissue was excised by sharp dissection, and the edges 

From the Department of Clinical Pathology and the Department of Pathology, 
University of Colorado School of Medicine and Hospitals. 

1. Gersh, I., and ^fugrage, E. R.: J. Lab. & Clin. Med. 23:918, 1938. 




Fig. 1. — A, fort 3 '-eight hour reaction in the skin, showing infiltration of the 
•derma by lymphocytes and monocytes. B, seventy-two hour reaction, showing 
edema and ulceration of the epidermis with extensive necrosis and leukocytic 
infiltration of the derma. 


sixty-eight and one hundred and ninety-two hours. The specimens were fixed in 
solution of formaldeh 3 'de U. S. P. diluted 1 to 10 and were embedded in paraffin for 
sectioning. Sections were stained by Gram’s method, with hematoxylin and eosin 
and with pyronin-meth 3 d green. 
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HISTOLOGIC OBSERVATIONS 

The following is a brief description of the changes noted in the 
histologic sections. The sections are described in groups according to 
the interval of time at which they were removed. 



Fig. 2. — A, ninety-six hour reaction, showing perivascular infiltration. B, one 
hundred and twenty hour reaction, showing characteristic lymphocyte-monocyte 
infiltrate in the derma. 

In the forty-eight hour specimens the epidermis showed no evident 
change in 1, from slight to moderate edema in 2 and marked edema with 
formation of blebs in 1. There was from slight to marked edema of 
the derma with a cellular infiltrate composed of lymphocytes and mono- 
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cytes or histiocytes in all 4 (fig. lA). There was focal necrosis of 
connective tissue in 2, and in these polymorphonuclear leukocytes were 
numerous, especially in the areas of necrosis. Gram-negative coccoid 
bacilli resembling Br. abortus, located extracellularly, were present in 
1 but were not demonstrable in the other 3. Identification of Br, 
abortus in the remaining sections of the other groups proved to be 
impossible. In a specimen in which focal necrosis was present several 
of the larger blood vessels had undergone thrombosis. 

One of the seventy-two hour -specimens showed the epidermis 
normal. In the other the epidermis was edematous and showed a 
central shallow ulcer. In the first specimen there was slight and in 
the second marked edema of the derma. Both specimens showed dense 
leukocytic infiltration, which was predominantly lymphoid in the first, 
while in the second there was a lai'ge admixture of polymorphonuclear 
leukocytes accompanying extensive necrosis of connective tissue 
(fig. IB). 

One of the ninety-six hour specimens showed normal epidermis 
except at the site of the needle puncture, where the break in continuity 
was covered by a thin crust of desiccated fibrin. One disclosed slight 
edema of the derma; the other, none. Both showed the characteristic 
lymphocyte-monocyte infiltrate, with polymorphonuclear leukocytes con- 
centrated in areas of necrosis (fig. 2 A). 

In the specimen obtained at one hundred and twenty hours the 
epidermis was normal and the derma free from edema. There was an 
infiltrate of leukocytes, chiefly lymphocytes, but with many monocytes 
present, some of which were in mitosis. A small zone of necrosis con- 
taining polymorphonuclear leukocytes was present (fig. 2B). 

In the specimens taken at one hundi'ed and forty-four, one hundred 
and sixty-eight and one hundred and ninety-two hours edema was slight 
or absent. The infiltrate was dense and tended to be diffuse. The 
infiltrating cells were of the same types as in the earlier specimens, but 
the monocytes were more numerous with occasional nuclei in mitosis. 
Evidence of phagocytosis of lymphocytes by these monocytes was seen. 
Large necrotic zones, in which the connective tissue fibers were frag- 
mented, were densely infiltrated by polymorphonuclear leukocytes, and 
in some instances abscesses had formed. Such zones were bordered by 
the usual lymphocyte-monocyte infiltrate, with polymorphonuclear leuko- 
cytes becoming less numerous toward the periphery. 

COMMENT 

Certain general features of the reaction in the skin as seen inicro- 
scopicall}'’ are common to all the specimens examined. The reaction 
consists of a cellular infiltrative process, in which there is slight to 
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moderate edema with collections of cells in the loose areolar connective 
tissue of the corium around blood vessels, nerves, hair follicles and 
sweat and sebaceous glands. Where the infiltrate extends into the 
panniculus adiposus it follows irregularly branching pathways of loose 
perivascular connective tissue. 

The epidermis and the coarse collagenous connective tissue fibers 
of the derma are not altered in the milder reactions, but in the more 
severe ones necrosis occurs. Small foci of necrosis are present in 
the derma as early as forty-eight hours. The epidermis is not the 
primary site of necrosis but may undergo secondary changes with bleb 
formation and ulceration. 

The tissue reaction following intradcrmal injection of Br. abortus 
vaccine may be assumed to vary in intensity with the degree of sensi- 
tivity of the tissues and with the amount and concentration of vaccine 
injected. As the strength of the vaccine used was constant, the differ- 
ence in severit}' of the tissue reactions in different persons with the 
same interval of time is thought to be dependent on the difference in 
their sensitivity to the brucellas. Apart from the individual difference 
in sensitivity, the older reaction exhibits more extensive destruction of 
tissue, with little evidence of resolution, indicating that the reaction is 
progressive and reaches its height after forty-eight hours or more. In 
this and in other respects it resembles the reaction to tuberculin as 
described by Dienes and Mallory It differs from the latter reaction, 
however, in that the necrosis begins in the corium rather than in the 
epithelium. 

The infiltrating cells are predominantly lymphoid, with variable 
numbers of large mononuclear cells of the histiocyte or monocyte type. 
Plasma cells are present but not numerous. Giant cell formation is not 
observed. Hyperemia is not prominent in any of the specimens. In 
the absence of necrosis polymorphonuclear neutrophilic leukocytes are 
few and scattered, but where necrosis is present large numbers of these 
cells occur, collecting in and about the necrotic zone. Eosinophilic leuko- 
cytes are not found. The observations of Dienes and Mallory - as 
regards the tuberculin reaction suggest that the polymorphonuclear reac- 
tion is secondary to necrosis of epithelium. The association of these 
leukocytes with necrosis and their relative scarcity in the tissues showing 
milder changes due to Br. abortus infection had been noted by Plallman, 
Sholl and Delez.^ 

2. Dienes, L., and Mallory, T. B.: Am. J. Path. 8:689, 1932. 

3. Hallman, K. T. ; Sholl, L. B., and Delez, A. L. : Observations on the 
Pathology of Bacterium Abortus Infections, Technical Bulletin no. 93, Alichigan 
State College, Agricultural Experiment Station, 1928, 
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SUMMARY 

The tissue reaction to the intradernial injection of Br. melitensis 
var. abortus antigen in 12 persons giving a positive reaction has been 
studied histologically. The reaction is inflammatory. When it is mild, 
it is characterized by infiltration of the derma by lymphocytes and mono- 
cytes; when it is severe, it is accompanied by connective tissue necrosis 
and infiltration by polymorphonuclear leukocytes. 



Case Reports 


BOTRYOMYCOSIS 

Report of Two Cases of Intra-Abdominal Granuloma 

Paul Kimmelstill, M.D., and Philip W. Odex, jM.D,. Richmond, Va. 

^Ye have recently observed 2 cases of grantifoma of the abdominal 
cavity in which botryomycotic granules could be demonstrated. 

CASE 1 

A colored man aged 33 years was adinitled to the hospital division of the 
Medical College of Virginia three times during 1936, the first time on July 6. 

He stated that for three weeks he had had severe cramplike pain just above 
the umbilicus. The pain radiated to and fro across the abdomen and was worse 
immediately after eating. Drinking cold litjnids caused paroxysms of pain. He 
noticed a tender mass in the midupper part of the abdomen. The stools became 
more frequent and were loose and watery. Ten years previously he had received 
antisyphilitic treatment. He was well developed. There was marked dental caries. 
The abdomen showed a mass 2 inches (5 cm.) in diameter midway between the 
xiphoid process and the umbilicus. This disappeared when the abdominal muscles 
were contracted. It was slightly tender; it was fixed; no sounds were heard over 
it on auscultation, but it transmitted the aortic pulsations. There was generalized 
lymphadenopathy. 

Roentgen examination revealed a filling defect in the middle portion of the 
transverse colon, apparently due to an extrinsic mass. A barium sulfate enema 
showed a sharply defined irregularity of the inferior border of the transverse 
colon for 2 inches in the midportion. 

Urinalysis gave negative results. The red blood cell count was 3,920,000. The 
hemoglobin content was 67 per cent (Sahli). The white blood cell count was 8,100, 
with polymorphonuclears 58 per cent and lymphocytes 42 per cent. The Wasscr- 
mann and Klein reactions of the blood were positive. 

Exploratory laparotomy (Dr. H. J. Warthen) in July 1936 revealed an inflam- 
matory mass 5 cm. in diameter arising from the right side of the transverse 
colon and densely adherent to the round ligament, omentum and jejunum. No 
obstruction was noted. The stomach and retroperitoneal tissues were free. An 
appendectomy was done. The abdomen was closed in layers, without drainage. 
Cultures from the mass showed colon bacilli and Staphylococcus albus. 

The postoperative course was uneventful. A barium sulfate enema August 3 
showed considerable diminution of the obstruction of the transverse colon. The 
patient was discharged August 5. 

He was readmitted August 12 with abdominal pain suggesting a partial 
intestinal obstruction. He improved under conservative treatment. A barium sulfate 
enema showed slight irregularity of the transverse colon. He was discharged 
August 19 in good condition. 

From the Department of .Pathology, Medical College of Virginia. 
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He was admitted again August 28, stating that he had noticed a tender swelling 
in the lower part of his incision for twenty-four hours. There was a rather 
firm nonfluctuant tender mass in the lower portion of the old incision, to the 
right and just above the umbilicus. Two days later an abscess in the abdominal 
wall was emptied, 2 ounces (59 cc.) of pus being obtained. A culture revealed 
Staphylococcus. 

An acute mechanical intestinal obstruction developed. September IS, a lapa- 
rotomy (Dr. H. J. Warthen) showed the transverse colon to be bound into a 
dense inflammatory mass with three loops of small intestine. There was marked 
constriction of these loops. The mass was excised with V-shaped areas of the 
small intestine and colon. A colostomy through a McBurney incision on the 
right side was done. The wound was closed in layers, with drainage. A fish 
bone 1 inch (2.5 cm.) long was found in the midst of the mass. 

Massive atelectasis of the right lung developed. A bronchoscopic aspiration 
was done September 22 for the atelectasis, with little improvernent. The tem- 
perature curve was of a septic type. The patient received two transfusions and 
supportive treatment. The wound became grossly infected. The condition became 
progressively worse, and the patient died October 12. Permission for a post- 
mortem examination was refused. 

The mass removed at the last operation, measuring 7 by 3.5 by 2.5 cm., was 
attached to a piece of large intestine. It was firm in consistency, and its cut sur- 
face was light gray and homogeneous. The center of the mass contained a few 
well defined soft areas, which were rather dark red with ochre yellow centers 
(fig. A, left). 

Histologically, the mass consisted of a dense acellular connective tissue with 
scanty vessels and in several places hyaline degeneration. A few scattered areas 
of perivascular round cell infiltration were noted. Within the areas there was 
a rather cellular granulation tissue composed of fibroblasts and numerous large 
mononuclear foam cells, numerous foreign body giant cells and an irregular 
infiltrate of l 3 ^mphocytes and plasma cells. Russell’s bodies were frequently 
encountered. Polymorphonuclear cells, however, were almost absent. The areas 
were rather vascular. Although there was no evidence of recent hemorrhage, 
the presence of numerous iron-pigmented macrophages indicated old hemorrhage. 
The tissue contained several small, well circumscribed abscesses with complete 
liquefaction of tissue and dense infiltration with polymorphonuclear cells. In the 
centers of some of these abscesses, granules were found (fig. B). Under 
low power magnification they resembled the “sulfur granules” in actinomycosis. 
With the hematoxylin and eosin stain they were rather dark blue and irregularly 
finely granular, within dense dark bluish borders. These granules were surrounded 
by a narrow pinkish-stained hazy zone, which in some places was more condensed 
and formed clublike excrescences. A doubly refractive membrane was absent. 
The Gram stain showed that the granules contained numerous gram-positive 
cocci, which were concentrated at the borders, although the}’’ were not found 
within the clublike excrescences themselves. The cocci were mostly arranged in 
rather long chains resembling streptococci. In some places they were clumped 
together. No cocci were demonstrable outside the granules. The matrix of the 
granules did not take the Gram or a fibrin stain. The centers of most of these 
granules stained reddish with the Kernechtrot ^ counterstain. 

1. The formula of the Kernechtrot counterstain is as follows : One-tenth gram of 
Kernechtrot (obtainable from Pfaltz and Bauer, New York) is dissolved in 100 cc. 
of 5 per cent solution of aluminum sulfate by boiling. The sections are stained 
for from two to five minutes and washed in water without further differentiation. 
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CASE 2 

A while woman 51 years of age was admitted to the hospital division of tlie 
Jiledical College of Virginia, to the surgical service, ‘Oct. 19, 1936, because of a 
mass in the right lower quadrant of the abdomen, which had been present for 
five or six months. At times this mass caused considerable pain. The woman had 
complained of chronic constipation over a period of years. She had no' diarrhea, 
no blood in the stools and no digestive disturbances. She was totally deaf. Her 
physical condition was good except for a firm rounded mass in the right lower 
quadrant of the abdomen, apparently fixed to the inner surface of Pouparl’s liga- 
ment. It was appro.ximately 3 cm. in diameter. Roentgenograms of the pelvis 
showed nothing of importance except slight hypertrophic arthritis of iioth hip joints. 

Urinalysis gave negative results. The red blood cell count was 3,900,000. 
The hemoglobin content was 78 per cent (Sahli). Tlie differential count showed 
72 per cent polymorphonuclear leukocytes and 28 per cent lymphocytes. The 
Klein and Wassermann reactions of the blood were positive. 

At operation a low incision of the right rectus muscle was made, and the 
omentum was found adherent to the parietal peritoneum. A mass was present 
involving the peritoneum and the internal and external fascial sheaths of the 
rectus muscles. The entire mass was excised within a block of tbc abdominal 
wall. A fish bone was found in the mass. The abdomen was closed in layers, 
without drainage. The patient made an uneventful recovery and was discharged 
completely healed on November 4. 

The gross specimen measured 5.5 by 2.5 by 2 cm. On the cut surface it was 
homogeneously gray except for a few small ill defined reddish-colored areas 
(fig. A, right). The histologic appearance was that of a dense fibrous tissue with 
an irregular infiltrate of small round cells. In the majority of blocks the tissue 
was acellular. In some of tlicm, however, were areas of a cellular granulation 
tissue. Foreign body giant cells were scattered tbroughout the entire mass. In 
one of the areas a fragment of a fish bone was found, which was impregnated 
with iron salts (positive Perl reaction). There were no polymorphonuclear cells 
around the fish bone (fig. C). In its vicinity were several small foci in which 
there was a peculiar degeneration with the nuclei of the fibrous connective tissue 
densely crowded together, greatly swollen and vacuolated, so that they presented 
a honeycomb appearance. The paraplastic substance apparently had undergone 
liquefactive necrosis, and the entire focus under low power magnification was 
irregularly dark bluish. There was no polymorphonuclear cell reaction within or 
in the vicinity of such foci. 

In two places, however, the bluish-stained mass of necrotic tissue was con- 
densed and formed clearly delineated granule-like bodies stained dark blue with 
hematoxylin and eosin and separated from the surrounding tissue by a rather 
narrow zone of polymorphonuclear cells (fig. D). These granules were not as 
sharply demarcated as those in case 1 ; their borders were much more heavily 
stained than their centers. No clublike excrescences and no membrane could be 
demonstrated. The Gram stain revealed that the entire mass was free from cocci 
except the areas of necrobiosis described. Staphylococci were scattered within 
these foci. The granules themselves, which were surrounded by polymorphonuclear 
cells, revealed a few staphylococci peripherally. 

PATHOGENESIS OF BOTRYOMYCOSIS 

This condition, although frequently encountered in the practice of 
veterinary medicine, as castiation fungus in horses, is rarely mentioned 
as having been observed in man. Six cases of the disease in man seem 
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A, gross appearance of the two inflammatory tumors (right, case 1; left, 
case 2) . B, granule within an area of suppuration in case 1 ; hematoxylin and eosin 
stain. Delicate raylike excrescences can be recognized at the border. C, fish 
bone in case 2. The dark stained area is composed of densely crowded swollen 
nuclei without polymorphonuclear cell infiltration. D, condensing mass of debris 
within an area of suppuration — beginning formation of a granule. Bacteria are 
found only within this area (case 2). 
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to be l<no\Yn. Reference to 5 of them, including their own, is found in 
the paper of Berger and his co-workersd" The sixth case was reported 

hv Plant." 

Botryomycosis is a chronic inflammatory lesion in which peculiar 
granules are found, the nature of which was first_ determined hy 
Magrou." Under low power magnification these bodies resemble the 
sulfur granules in actinomycosis because of their clublikc excrescences. 
They are situated in small foci of suppuration. The granule itself con- 
sists of an unidentified matrix, probably a bacterial and tissue debris, 
in which bacteria can be demonstrated. The latter are usually crowded 
in the periphery, and the granule in its characteristic form is surrounded 
by a doubly refractive membrane. jMagrou showed that the lesion is 
caused b}'^ staphylococci. 

In all cases except Berger’s it has been reported that foreign bodies 
participated in the development of botryomycosis. In the castration 
fungus of horses, hairs are found. Bony sequestrums and fish hones 
arc present in the lesions in man. It is, however, still in question 
whether and how much the foreign body itself contributes to the specific 
character of the condition. Magrou stated that the lesion can be repro- 
duced in animals in the absence of foreign bodies by inoculating 
staphylococci, provided the quantity is small enough not to give rise to 
suppuration and large enough to initiate a slow development of granula- 
tion tissue. To our knowledge, his experiments have not yet been 
reproduced. The fact, however, can hardly be neglected that in 7 
(including both our cases) of 8 instances in men foreign bodies were 
present. 

It is furthermore questionable whether in cases of spontaneous 
botryomycosis in man the limited number of bacteria should be regarded 
as the main factor in the deAfclopment of the lesion. Their invasion and 
multiplication depend largely on the tissue reaction, which therefore 
must be taken into consideration. Berger and his associates discussed 
the possibility that it is the type of tissue which inclines to such a 
reaction. This, however, appears to be unlikely since botryomycosis 
is found in the scrotal tissue of horses and in the peritoneal, bony and 
genital tissues of human beings. These authors suggest further that 
colon bacilli, which in their cases were found together with staphylococci, 
may have secreted antiphagocytotic substances thus controlling tissue 
necrosis and reaction. This explanation, however, docs not apply to 
instances in which staphylococci only are found. 

The type of bacteria or their virulence does not seem to be impor- 
tant. Magrou was able to obtain identical results in his experiments 
with ordinary staphylococci as well as Avith those isolated from spon- 
taneous botryomycosis. Colon bacilli Avere found to accompany the 
staphylococci in the case observed by Berger and in our case 1. * - 

ANALYSIS OF OUR CASKS 

In our first case the bacteria AA'cre arranged in scanty, scattered 
granules Avhicli more or less had the characteristics of Avhat is called 

la. Berger, L. ; Vallee, A., and Vezina, C. : Arch. Path. 21:273, 1936. 

2. Plant, A.: Arch. Path. 23:602, 1937. 

3. Magron, J. E.: Les grains botryoniycotiques : Leur signification en 
pathologic et cn biologic generales, Thesis, no. 267, Paris, Laval, 1914. 
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botryomycosis. It is questionable, however, whether the second case 
can be identified as one of botryoin)^cosis. In fact, our histologic 
observations are not compatible with the present concept of this con- 
dition. The granules were not surrounded by a cuticula nor were they 
garnished with clubs. The}'’ did, however, bear a great resemblance 
to those of botryomycosis in that they consisted of a rather homo- 
geneous mass of debris which contained cocci. The borders were deeply 
stained with hematoxylin and sharply delineated, and the granules were 
embedded in discrete foci of suppuration. The identity of both cases, 
furthermore, is based on the fact that the lesions were similar in their 
clinical development and were grossly alike, both containing a fish bone. 
In both cases, staphylococci were found in discrete areas of debris. 

We assume that in our second case an early stage of the formation 
of granules was demonstrated. The first change we observed was that 
of degeneration of rather dense connective tissue in discrete areas. This 
degeneration was probably due to action of bacteria, which were found 
exclusively within such foci. The intercellular material appeared to 
liquefy, and the nuclei of the fibroblasts underwent marked vacuolar 
disintegration and swelling. They crowded together, and the chromatin 
material diffused through the nuclear membrane, which finally dis- 
integrated. The irregularly bluish-stained focus was at first ill defined 
but with increasing condensation became more sharply bordered. The 
bacteria remained alive within this shrinking ball of debris, and there 
was remarkably little cellular reaction until the granule was fairly well 
formed. It was only at this period of development that a polymorpho- 
nuclear cell exudate commenced to surround the finally completel}' 
detached granule, which then appeared to float in pus. 

COMMENT 

Although the sequence of eA'^ents can be demonstrated Avell in one 
of our cases, there was nothing that explained clearly why the multi- 
plication of bacteria in botryomycosis is limited to growth within 
granules. SeA'eral factors may be considered : In the first place, the 
granule may be surrounded by a cuticula. Masson ^ explained the 
process in the presence of bone spicules as follows : The staphylococci 
multiply in the shelter of haversian channels. As soon as the bony 
substance is destroyed and the clusters of bacteria come in contact with 
the surrounding tissue, a membrane precipitates. 

In the absence of bone protection, however, a different mechanism 
has to be assumed. Berger and his co-workers mentioned the possibility 
that the cuticula may result from coagulation' necrosis of connective 
tissue fibers and that staphylococci multiply within its shelter, thicken- 
ing the membrane by internal apposition of protein derived from dead 
cocci. Since the membrane itself is described as hard and breakable 
under the knife, it is unlikely that further enlargement of granules could 
occur. Thus, the groAvth of granules is terminated by the precipitation 
of such a membrane. In the early phases of development, however, the 
membrane must be of a more plastic nature, and Berger and his asso- 
ciates described it as fibrin-like, although it does not show specific stain- 
ing properties. They interpreted such membranes as “probably beginning 


4. Masson, P. ; Lyon chir. 15:230, 1918. 
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shells.” It therefore appears to ns that the characteristic doubly 
refractive hard membrane rather represents a terminal phase in the 
development of the granules and that little is known about the time of 
its appearance or of its nature in the eaidy stages. 

Not all such granules, however, arc surrounded by a distinctly visible 
doubly refractive membrane. Plant stated that in his case the periphery 
of each granule was formed by a homogeneous mass obviously consist- 
ing of coalescing dead cocci. The observations in our first case are 
identical with his, but the granules in our second case did not reveal 
a membrane ; the growth of bacteria had been limited to discrete areas 
without the formation of a mechanical visible barrier. 

An adequate explanation of this phenomenon cannot be given yet. 
It does not appear to be determined by the type of bacteria only, since 
staphylococci and staphylococci mixed with colon bacilli have been found, 
nor is the bacterial growth limited by the precipitation of a membrane, 
since the latter may be absent. We are of the opinion that more 
emphasis should be laid on the tissue reaction itself, since in the majority 
of cases foreign bodies have played a role. This suggests that tissue 
thus irritated differs in its defense mechanism from virginal tissue. 

Finally, it should be mentioned that the clublike excrescences may 
be absent as in the spontaneous lesions of horses. They may vary in 
number, some of the granules being bare, others provided with clubs. 
Hence we conclude that both the doubly refractive membrane and rays 
or club formations are of an accessory nature. 

SUMMARY 

Two cases of intra-abdominal granuloma are presented, in both of 
which the granuloma contained botryomycotic granules. The early 
phases of the development of the granules are described. It is empha- 
sized that foreign bodies play an important role in the pathogenesis 
of this lesion. 



MEDIAL DEGENERATION IN A NONRUPTURED AORTA 
APPEARING SYPHILITIC MACROSCOPICALLY 


Antonio Rottino, M.D., New York 

Medial degeneration has to date been described largely in cases of 
spontaneous rupture of the aorta. This paper records an instance of 
severe medial degeneration in which the aorta dilated but did not 
rupture. It will serve, further, to emphasize that in some instances 
gross changes may occur which to the naked eye appear like those of 
syphilis. This real pitfall was alluded to by Erdheim,^“ ' who stated 
that for some time in demonstrating the lesions of syphilis he had 
used material which to his amazement the microscope later showed to 
be nonsyphilitic. This occasioned two reports in which he described 
a new disease, “medio-necrosis idiopathica cystica.” 

REPORT OF A CASE 

A 70 year old woman entered St. Vincent’s Hospital, in the medical service 
of Dr. Thomas A. Martin, Sept. 19, 1936, with congestive heart failure. Her 
symptoms appeared six months before and increased in severity until she was 
edematous, dyspneic, and orthopneic at rest. After two months’ rest in bed and 
treatment with digitalis she recovered sufficiently to get up. In three weeks, 
however, she was again seized with congestive heart failure and therefore entered 
the hospital. 

She was dyspneic and orthopneic, with cyanosis of the mucous membranes and 
pronounced edema of the lower extremities. The pupils were equal and active. 
The veins of the neck were dilated. Moist rales were heard at the bases of the 
lungs. Percussion showed the heart to be enlarged. The sounds were poor; no 
murmurs were heard. The rhythm was irregular and the rate rapid, 158 beats 
per minute. The blood pressure was 134 systolic and 78 diastolic. The Kahn 
test of the blood was negative. The blood sugar was 111 mg. per hundred cubic 
centimeters. The urine contained albumin (1 plus). An electrocardiogram revealed 
auricular flutter with varying degrees of block and occasional premature ventricular 
contractions. 

After five days of increasing failure of the heart, the patient died. 

Necropsy . — ^The examination was made twenty -four hours post mortem. 

The heart lay free in the pericardial cavity, was generally enlarged and weighed 
415 Gm. All the chambers were moderately dilated, while the ventricles were 
in addition hypertrophied. No unusual valvular changes were noted. Beneath 
the aortic valve several endocardial pockets were found on the interventricular 
septum despite normal cusps and commissures. The coronary ostia were wide 
and fully patent, while the arteries leading from them were thick, tortuous and 
calcified but unobstructed. 

From St. Vincent’s Hospital. 

1. Erdheim, J.: (a) Virchows Arch. f. path. Anat. 273:454, 1929; (b) 276: 

187, 1930. 
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The ascending aorta was transformed into a diffusely dilated, nonelastic, thin- 
walled sac (12.5 cm. in circumference) which ended abruptly in a moderately 
dilated arch. The descending aorta was likewise moderately dilated. The intima 
lining the aneurysm was thick, gray and wrinkled, containing numerous pearly 
plaques, giving it the appearance of tree bark so often seen in syphilis. The 
usual yellow of the underlying media was either entirely absent or obscured by 
the opaqueness of the thickened intima. Beyond the aneurysm the intima for the 
most part was thin and transparent, so that the underlying, grossly intact yellow 
media was easily observed. Atheromatous plaques were scattered about the arch 
as well as around the mouths of the large branches arising from the abdominal 
aorta. Some were calcified and others ulcerated. The lower portion of the 
thoracic aorta and the abdominal aorta were entirely smooth. 

Other findings were as follows : There was a moderate amount of edema of 
the legs, with 200 cc. of fluid in the abdominal cavity and 1,000 cc. in the pleural 
sac, the latter causing some compression atelectasis of the lungs. Two small 
infarcts were observed in the lower lobe of the right lung. The liver, though not 
enlarged, presented the nutmeg markings characteristic of chronic passive con- 
gestion. The ovaries were sclerotic and the uterus atrophic. The kidneys together 
weighed 315 Gm. Their surfaces were finely granular. In one kidney two small 
infarcts were found. 

Anatomic Diagnosis. — The diganosis was : aneurysm of the ascending aorta, 
probably syphilitic (this was the diagnosis made at the autopsy table; later, 
when the slides were seen, the diagnosis was changed to mcdionecrosis idiopathica) ; 
calcification and sclerosis of the coronary arteries; bilateral pleural effusion; 
infarcts of the lower lobe of the right lung; compression atelectasis of the lower 
lobes of both lungs ; chronic passive congestion of the liver and spleen ; 
arteriolonephrosclerosis ; infarct of the kidney, and senile atrophy of the uterus 
and ovaries. 

Microscopic Observations on Aorta.- — ^In general, the intima appeared as a 
wavy, variably thickened layer, here thin, there thick. The thickened portions 
were in the main composed of dense hyalinized fibrous tissue, in which were inter- 
mingled varying amounts of fine elastic fibrils and collagen. In some areas large 
quantities of calcium were deposited, while here and there were scattered a few 
muscle cells. 

In addition to exhibiting diffuse thickening, the intima contained raised plaques. 
Most of them consisted of dense fibrous tissue overlying lipoid cavities. Others 
were entirely fibrous, calcified and even ossified. Beyond the aneurysm the intimal 
changes were not pronounced. 

The continuity of the internal elastic lamina in the ascending aorta was fre- 
quently interrupted. In some regions it stood out thick and deeply stained, while 
in other places it grew pale and disappeared. In some areas where it was absent 
it became difficult to decide where the thickened intima ended and the media began. 

2. The entire length of the ascending aorta was sectioned into serial blocks. 
The sections extended from just below the aortic valve ring to the beginning of the 
arch. In addition, shorter transverse blocks were cut from the arch, thoracic 
aorta and abdominal aorta. They were fixed in solution of formaldehyde U. S. P. 
and embedded in paraffin, and sections were stained with hematoxylin and eosin, 
Weigert’s stain for elastic tissue. Van Gieson’s stain for connective tissue, Mallory’s 
phosphotungstic acid-hematoxylin stain and the Foot and Foot stain for reticulum 
(Am. J. Path. 8:245, 1932). 
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The media presented the principal changes, for it had become markedly altered. 
Histologically, the lesions varied considerably. They were most conspicuous 
toward the center of the aneurysm, where the media was distinctly thinner than 
normal, being sandwiched in between the thickened intima and adventitia. The 












Fig. 1. — A, low power magnification of an area of medionecrosis (Gsell ®) ; 
hematoxylin and eosin. Note focal loss of muscle cells. A few pyknotic nuclei 
remain. The surrounding muscle cells appear normal. B, low power magnification 
of an area of medionecrosis ; Weigert’s stain for elastic tissue. Though muscle 
cells are gone, the elastic elements remain, densely stained, thick, compressed, 
obliterating the interlamellar spaces. 
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changes were less pronounced at the aortic root and arch, which corresponded to 
the periphery of the aneurysm. They were absent in the descending portion 
of the aorta. 

One type of lesion was particularly conspicuous (fig. 1 A), as many as twenty- 
seven lesions of this type being counted over a strip 7 cm. long. They were 








Fig. 2.— A, low power magnification of irregular areas devoid of clastic laminae ; 
Weigert’s stain for elastic tissue. At the margin the elastic laminae end abruptly! 
B, low power magnification of the contents of the defects illustrated in A; hema- 
toxylin and eosin. Numerous muscle cells are seen, compactly and irregularly 
arranged. Sometimes elastic and collagen fibrils are also present. 
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distributed from one end of the aneurysm to the other, in one direction, and 
about the entire circumference, in the other. The portion of the media involved 
varied. Most aifected was the midportion, next the outer third and least affected 
was the inner third. The lesions varied in size, some occupying a small portion 



Fig. 3. — A, low power magnification of a medial defect from which the elastic 
tissue is gone but which contains a few muscle cells widely dispersed by mucoid 
material ; hematoxylin and eosin. B, low power magnification of a mucoid cj'^st 
containing muscle cells ; hematoxylin and eosin. 

of a low power field, while others measured 3 mm. in length. They involved 
as much as one-third to one-half the thickness of the media. With the hematoxylin 
and eosin stain thej' stood out as deeply eo.sinophilic areas, devoid of almost all 
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muscle cells. In a few of these areas nuclei were still present, either pale and 
swollen or small and pyknotic. With the elastic tissue stain (fig. 1 B) the 
elastic lamellae were seen deeply stained, thick, straight and crowded together so 
that the interlamellar spaces were much narrowed and the collagen compressed, 
as a result of which the latter frequently stood out plainly when stained with 
Van Gieson’s stain for connective tissue or Mallory’s phosphotungstic acid- 
hematoxylin stain. The reticulum which normally hugs the lamellae persisted. 
In an occdsional lesion the elastic laminae were fragmented and pale staining. 

A second type of lesion observed (fig. 2 A) was just as conspicuous, with 
approximately the same distribution. It was seen to best advantage in sections 
treated with Weigert’s stain for elastic tissue, in which it appeared as irregular 
gaps at the margins of which the elastic laminae ended abruptly. In sections 
stained with hematoxylin and cosin (fig. 2 B) it was recognized by the large 
number of muscle cells present, arranged in planes different from that of the 
normal cells in adjacent areas; i. e., their long axes pointed obliquely or perpen- 
dicularly to the plane of the normal cells. In addition, there were occasional 
areas in which scant amounts of collagen and elastic tissue fibrils intertwined 
about these cells. In some lesions (fig. 3 A) the cells were less numerous and 
less compactly arranged, being separated by varying amounts of mucoid material. 
In one field the amount of the latter was considerable, forming a cystlike space in 
which were suspended remnants of old media (fig. 3B). 

The adventitia in general was thick and composed of dense hyalinized connective 
tissue. The blood vessels were not increased in number and for the most part 
were small and unchanged. Only a few exhibited mild intimal thickening. Scat- 
tered throughout the adventitia were collections of lymphocytes. In one area only 
were any present in considerable numbers. They were chiefly located in the 
outermost portion of the adventitia, bearing no relationship to the vasa vasorum. 


(?OMMENT 

The pertinent finding in this case is the occurrence in a 76 year 
old woman of a marked aneurysmal dilatation of the ascending aorta, 
with wrinkling and puckering of the intimal surface identical with 
that seen in syphilis. Histologic study showed, however, that the 
lesion was instead one described by Gsell,^ Erdheim ^ and others in 
cases of spontaneous rupture of the aorta. 

The lesions as seen in the case reported here were focal and char- 
acterized by absence of one or more of the normal components of the 
media. In one lesion there was loss of muscle ; in a second the muscle 
cells were unusually plentiful but the elastic lamellae had disintegrated. 
Then there were other areas in which abnormal amounts of mucoid 
material separated the medial elements. Inflammatory reaction and 
fibrous tissue repair were characteristically absent. 

The pathogenesis of the disease is imperfectly understood. It is 
to Gsell that one owes some of the knowledge of this subject. He felt 
that the initial lesion was focal necrosis of muscle cells, subsequent to 
which the remaining components in the same area, without aid of 
cellular reaction, disintegrated. Following this the defect was repaired 
by a tissue composed of scant, loose collagenous fibers and a few 
elastic fibrils. A blood vessel might or might not grow into the area. 


3. Gsell, O, : Virchows Arch. f. path. Anat. 270 ; 1, 1928. 
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Thus the process appeared to consist of three steps — first, necrosis; 
second, humoral dissolution, and last, repair by an imperfect type of 
scar. Erdheim amplified the theory by describing more completely 
the picture in the second stage — the stage of dissolution. He felt that 
he could demonstrate as a result of the latter process spaces or cysts 
filled by fluid which stained metachromatically with thionine and cresyl 
echt violet. To the stage of healing he further added an alter;iative to 
Gselhs “imperfect scar,” namely, regeneration of muscle. In his 
opinion, the defects left in the wake of dissolved necrotic areas might 
become filled again by a regeneration of all the original components, 
particularly muscle, with this difference, that the normal medial pattern 
was not reproduced. Instead, the muscle cells were laid down in 
various positions, with the elastic tissue forming a loose web about 
them. Finally, he felt that in addition to primary necrosis of muscle 
the media could undergo destruction by increasing accumulations of 
mucoid between the lamellae. With confluency of these small collec- 
tions of mucoid and concomitant disappearance of muscle and thinning 
of the elastica, mucoid cysts might form. 

Much that was described by these two men was seen in the case 
reported here. Areas of loss of muscle cells were numerous. Unlike 
the observations in Gsell’s cases, however, the anuclear necrotic cyto- 
plasmic remnants of muscle cells were not evident. Also present were 
areas of the type interpreted by Erdheim as examples of regenerated 
media. Scar tissue repair as described by Gsell was absent. 

As stated medionecrosis has been described chiefly in cases of 
spontaneous rupture of the aorta. Reference to its presence in intact 
vessels are few. Weise ^ studied 120 aortas obtained at necropsies 
and found medionecrosis in the sense of Gsell in 9 of them. In each 
the lesion was microscopic and did not lead to macroscopic alteration 
of the wall. Cellina ° selected 10 aortas with a minimal amount of 
atherosclerosis from persons over 72 . In 9 he found focal loss of 
muscle cells but of a type which he felt was different from that 
described by Gsell. To the lesion which he observed he appended the 
name “medionecrosis disseminata” ; to Gsell’s, “medionecrosis idio- 
pathica.” Moritz ° alluded to the presence of macroscopic mucoid cysts 
in several intact aortas. 

Another unusual observation in this case was that of intimal change. 
In reporting aortas which ruptured spontaneously and exhibited medio- 
necrosis, all authors have made it a special point to emphasize the 
absence of intimal reaction. This lack may have been one of the factors 
responsible for the ruptures in those aortas and the presence of this 
reaction in the instance which I have described ma)^ explain the failure 
of the aorta to rupture. Adventitial thickening beneath areas of medio- 
necrosis was described by Gsell. In the case now reported it was 
likewise present to a marked degree over the entire extent of the 
aneurysm. 

4. Weise, W. : Beitr. z. path. Anat. u. z. allg. Path. 93:238, 1934. 

5. Cellina, M. : Virchows Arch. f. path. Anat. 280:65, 1931. 

6. Moritz, A. R.: Am. J. Path. 8:717, 1932. 
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The causes of the disease are entirely unknown. What theories 
have been advanced are discussed by Shennan." 

SUMMARY 

A case of aneurysm of the aorta inacroscopically mistaken for S 3 'ph- 
ilis but microscopically analogous to the disease described as medio- 
necrosis is presented. The aneur 5 'sm occurred in a 76 year old woman, 
who died in congestive heart failure. 

The case is unique since in other recorded instances of advanced 
medionecrosis the aorta ruptured spontaneously whereas in this case 
it remained intact. 

7. Shennan, T. ; Dissecting Aneurysm, Jiledical Research Council, Special 
Report Series, no. 193, London, His Majesty’s Stationery Office, 1934. 



AN UNUSUAL FREE BODY IN THE TUNICA 
VAGINALIS TESTIS 


Norman Rosenberg, M.D., New York 

There has been no recent comprehensive review of the literature 
on the subject of the free body of the tunica vaginalis testis. Schmidt ^ 
in his paper on the broader subject of free bodies in serous cavities 
covered some of the older papers on the subject, and Ritter - gave a 
fairly extensive review of the theories that have been advanced as to 
the origin of these bodies. The opportunity of describing a specimen 
of a free body unusual to this serous cavity has therefore also afforded 
me the privilege of briefly summarizing the knowledge in the field. 

REPORT OF A CASE 

A 55 year old white man had on the right side a reducible inguinal hernia of 
fifteen years’ duration. Two days before admission he noticed that the mass 
could no longer be reduced and experienced pain on pressure over this area. 
The pain was not relieved by local cold applications or rest in bed. 

There was a fluctuant swelling extending from the right anterior superior 
spine into the scrotum and filling the entire inguinal canal. In the canal was a 
hard mass, about 2.5 cm. in diameter, and a similar mass could be palpated in 
the scrotum. Because of the accumulation of fluid in the sac, a definite impulse 
on coughing could not be felt. The hydrocele of the tunica, extending along the 
inguinal canal, could not be compressed into the abdomen, suggesting that the 
internal ring was closed. The preoperative diagnosis was irreducible congenital 
hernia, undescended testicle and hydrocele of the tunica vaginalis. 

At operation a sac 18 cm. long was found containing two segments of omentum, 
which had undergone torsion. One was deep purplish; the other was hyperemic. 
The testicle was found at the external ring. The fluid content of the hydrocele 
was clear and of an amber color. Lying free in the scrotal sac was a regularly 
oval smooth hard mass. 

The postoperative course was uneventful, and the patient left the hospital 
thirteen days after the operation. 

Gross Appearance of Specimen . — ^The specimen consisted of a hernial sac witli 
a rather small and soft testicle and epididymis, together with a small portion 
of spermatic cord. There also were some small pieces of, omentum showing par- 
tial fibrosis. The free body was like hard rubber in consistency, ovoid, measur- 
ing 2.8 by 2.6 by 2.2 cm., and of a pale yellowish green, partly light red color. 
It was hard to cut. In its center a flat ovoid smooth-walled cavity, 1- by 0.5 by 0.5 
cm., was situated. This was filled with a light ochre-colored homogeneous and 
rather soft mass.- 


From the Department of Pathology, Beth Israel Hospital. 

1. Schmidt, G. B. : Miinchen. med. Wchnschr. 80:410, 1933.. 

2. Ritter, L. : Deutsche Ztschr. f. Chir. 182:308, 1923. 
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Microscopic Appcaraitcc.—Tbe free body consisted ot a densely packed, almost 
homogeneous-appearing substance, which at the cut edges separated into parallel 
layers averaging 4 microns in thickness. The many lancet-shaped clefts which 
were seen in this substance were obviously artefacts. This material did not 
take any nuclear stain; it became pale red with eosin and held the fibrin stain 
rather tenaciously. 



Fig. 1. — The inset shows the free body halved lengthwise. Note the central 
cavity. The concentric structure is not recognizable. The rest of the figure shows 
fat tissue from the center of the free body. The structure in general is well 
preserved. 

J 

The brownish soft material from the center was fat tissue, the network of 
which was well preserved. Occasionally nuclei could be detected, and some 
erythrocytes were seen in the capillary spaces. The testicle gave the character- 
istic picture of fibrosis. The epididymis in. part showed changes such as are 
often found in retention of the testicle. There was severe old and recent peri- 
orchitis. 
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[After this paper was written another specimen attracted my attention. In 
the tunica vaginalis of a SO year old man who had died of tuberculosis and dia- 
betes was found a dumbbell-shaped concretion, measuring about 3 by 2 by 2 mm. 
Chemical examination showed calcium phosphate. Histologically, the outer layer 
presented the same picture as that of the other specimen. In the center, how- 
ever, partly calcified fat tissue w'as seen. As figure 2 shows, part of the fat 
cells had a thin calcific shell or lining, and many of them contained an irregu- 
larly round laminated microconcretion. 







Fig. 2. — Center of a free body, showing fat cells, some of which have thm 
calcific shells. Many of the fat cells contain each an irregularl}' round lami- 
nated microccncretion. 


If continued attention were given to this matter it probably would bring to 
light a variety of changes in the fat tissue originally forming the nucleus of a 
free body.] 

COMMENT 

Most of the free bodies that have been found in the tunica vaginalis 
have been of small size, ranging from that of a body just macroscopic- 
ally recognizable to that of a body as large as a pea. Free bodies of 
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the latter size represent the most common variety, and they may be 
multiple. Indeed. Sultan- found from 1,000 to 1,200 free round 
bodies, var 3 dng in size from that of a buckshot to that of a coffee 
bean, filling the tunica vaginalis in a case of incarcerated congenital 
hernia. This is a rare exception, however, from 2 to 5 being the 
average number of bodies of this size (Ritter). 

Free bodies larger than these are much rarer. Oberndorfer * stated 
that they may reach the size of a “plum’’ and reported one measuring 
2 by 2 by 0.5 cm., found in a hydrocele. It was porcelain white and 
of a cartilaginous consistence, and was made up of concentric layers 
of anuclear h 3 -aline “connective tissue.” A photograph of his speci- 
men shows a central cavity instead of a nucleus, suggesting the possi- 
bility that the latter may have been lost in handling. Others have 
reported such large single free bodies (Chassaignac,'’'' one 2 b 3 ’' 1.2 cm. ; 
Glass,'''* one 1.4 cm. in diameter; Ritter,- one 1.2 by 0.8 cm.; Lavenant," 
one 1.3 by 0.6 an.). Apparently, therefore, the specimen I have 
described is of unusual size, its measurements definitel 3 ’ exceeding those 
just mentioned. 

Various suggestions have been propounded as to the origin of free 
bodies of the tunica vaginalis. The 3 - ma 3 * have arisen from: (a) 
broken-oft bits of tissue in periorchitis proliferans (Virchow) or peri- 
orchitis villosa (Klebs) ; (b) detached hydatid bodies of ^lorgagni 
(Volkmann; ]\Ie 3 'er®); (c) incrusted epithelial scales (Luschka; 
Vauthier) ; (d) blood coagulums and fibrin clumps after inflammation 
(Roux). 

Although in most of these theories it has been assumed that a 
detached piece of tissue serves as the nucleus for the formation of a 
free body, I have not been able in a rcasonabl 3 ' exhaustive review of 
the literature to find a single report in which the statement is made 
that a nucleus of histologically recognizable fat or of an 3 ’' other tissue 
has been found in a free bod 3 ’’ of the tunica vaginalis. Ritter,- Lang- 
hans and Hartmann '■'* each mentioned tlie finding of fat droplets and 
cholesterol crystals in the center of the free bodies which they studied, 
but none reported finding fat tissue. However, identifiable pieces of 
tissue have been described as composing the nuclei of free bodies in 
other serous cavities. 

3. Sultan, D. : Virchows Arch. f. path. Anat. 140:449, 1895. 

4. Oberndorfer, S., in Henke, F., and Lubarsch, O. : Handbnch der speziellen 
pathologischen Anatomic und Histologic, Berlin, Julius Springer, 1931, vol. 6, 
pt. 3, p. 736. 

5. (a) Cited by Ritter-; (b) cited b\- Lavenant." 

6. Glass, E.: Zentralbl. f. Chir. 47:266, 1920. 

7. Lavenant, H.: Bull, et mem. Soc. de chir. de Paris 20:819, 1928. 

8. Meyer, A. W.: Am. J. Path. 4:445, 1928. 
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Owing to the fact that in the case reported here there was an asso- 
ciated congenital hernia, with an internal ring that was estimated by 
the surgeon as having had a diameter of approximately 2.5 cm., the 
question of an abdominal free body was thought to deserve consider- 
ation. It is theoretically possible that the free body might have 
originally been formed in the peritoneal cavity and have lodged secon- 
dai'ily in the tunica vaginalis. 

Indeed, Hoche in an excellent review of the subject of abdominal 
free bodies reported the finding of a large one, 5.2 by 4.5 cm., which 
on section showed a gross and histologic picture almost identical with 
that described here. In the same necropsy were found three lobules 
of fat tissue, 1.5 by 1 cm. each, attached to the greater omentum by 
pedicles and possessing on their outer surfaces lamellae of fibrin show- 
ing “fibroid changes.” In his discussion of the earlier literature Hoche 
•cited several instances of similar bodies being found in various loca- 
tions in the peritoneal cavity. Three of these are of interest because 
of their relation to hernial sacs. 

In 1850 Canton described a free body, 5 by 3.7 cm., which showed 
grossly a fatty nucleus the size of a marble, with an outer shell of 
concentric thin lamellae about 1 cm. thick. No microscopic examination 
was reported. 

Shaw described a free body which was extracted from a hernial 
sac “after passage from the peritoneal cavity.” It was 3.7 by 3 cm. 
in size, had a central chalky and fatty nucleus and a shell of “fibro- 
cartilage.” Its origin was claimed to be from a detached epiploic 
appendix. It had no pedicle. No histologic report was mentioned. 

Wood reported a free body in a hernial sac, which body in the 
living patient could be pushed up into the abdominal cavity. 

Riedel also presented evidence tending to demonstrate the pos- 
sible origin of such free bodies from fatty appendages of the large 
bowel. In this connection it is also interesting to note the experi- 
mental production of fat-containing abdominal free bodies by Tomel- 
lini,^^ who could cause a free body to develop by tying off an epiploic 
appendix at its base, if, by means of mild chronic inflammation, he 
made resorption difficult. 

It seems highly plausible, therefore, in the absence of other possible 
sources for the fat tissue which made up the center of the present 
specimen, that it may have had its origin in either a detached piece of 
omental tissue or a broken-off epiploic appendix. The possibility of an 
intraperitoneal origin must be considered in view of the type of hernia 
presented and because of the evidence afforded by the literature just 
cited. 


9. Hoche, L. : Arch, de med. exper. et d’anat. path. 22:507, 1910. 

10. Cited by Hoche.® 

11. Riedel: Munchen. med. Wchnschr. 52:2308, 1905. 

12. Tomellini, cited b}" Morpurgo: Ergebn.- d. allg. Path. u. path. Anat. 12: 
252. 1908. 
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SUMMARY 

In the central cavity of an unusually large free body in the tunica 
vaginalis testis a piece of fat tissue was found. This fat tissue probably 
came from an epiploic appendix or from a detached piece of omentum. 

In most of the instances of free body in the tunica vaginalis the 
free body has been of small size. Often there have been multiple free 
bodies. Theories as to their origin usually ascribe their formation to 
causes within the tunical sac, as there is usually no communication 
between the sac and the general peritoneal cavity. 



General Reviews 


ELASTIC TISSUE 
GEORGE M. HASS, M.D.* 

BOSTON 

INTRODUCTION 

A large part of the human bod)'- is composed of tissues which are 
designed in such a wa)' as to enable them to perform mechanical func- 
tions. Some of these tissues may be considered as essentially in an 
intercellular position. They are usually present in the form of fibrils, 
membranes or matrices. They are fundamentally organic in composition, 
although inorganic materials may occur in quantities that are sufficient 
to obscure the basic structure. 

The mechanisms which are operative in the formation, maintenance 
and disintegration of these tissues are not well understood. The tissues 
are subject to a wide variety of transformations under the influence of 
many normal and pathologic stimuli of a local or a general nature. By 
reason of this behavior they are entitled to an important place in many 
studies of groivtli, differentiation, senescence, injury and repair. 

The intercellular substance with which this article is concerned is 
known as elastic tissue. It is selected first for presentation because it 
has been investigated rather completely from several points of view. 

HISTORICAL SUMMARY 

The ancients must have been familiar with the elastic qualities of 
various tissues. Yet, Hippocrates makes no reference to this important 
property. The extensive, though often erroneous, observations on the 
pulse and blood vessels made by Galen failed to reveal the importance 
of the elastic nature of the arterial wall. In the “De pulsibus” he noted 
degrees of softness or hardness of the vascular walls, which he described 
as fleshlike or as dry and hard, like leather. Hieronymus Fabricius, 
one of the greatest of the early anatomists, must not have been aware 
of the true character of the arteries, or else his pupil, William Harvey, 


From the Department of Pathology, Harvard Medical School. 
* Past Member of the Society of Fellows, Harvard University. 
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failed to listen carefully to his teachings. Harvey came nearest to a 
conception of the elasticity of blood vessels when he wi ote, Hence, 
since Nature makes nothing in vain and does the best everywhere, the 
nearer arteries are to the heart, the more do they differ from veins 
in structure. Here, they are stronger and more ligamentous.” 

In the middle of the eighteenth century, Albrecht von Haller, a 
remarkable scholar and scientist, made the first careful studies and com- 
ments on the elastic property of the connective tissues, designated by 
him as the tela cellulosa. His capacity for perception of basic principles 
is not more amply demonstrated than in the following excerpts from his 
dissertation on the tela cellulosa; “The primary simple fibre such as 
we rather comprehend from reason than sense is composed of earthly 
particles, adhering longitudinally and connected by intervening and 
cohesive gluten.” Then, after a description of the distribution and nature 
of the fibers, he returned to a consideration of the interfibrillar sub- 
stance, gluten; “But here the order of nature seems to be that the 
fibres above mentioned are all originally formed of this gluten.” And 
in a later paragraph he continued: “It seems then, that an albuminous 
fluid, with a small portion of earth first concretes into filaments, from 
some pressure whose causes we now pass over.” In regard to the 
elasticity of the tela cellulosa, he stated ; “It possesses a contractile power 
different from irritability, which though not demonstrable by experi- 
ments, disposes the cellular fibi-e to shorten itself, though for the most 
part slowly, after having been stretched.” This was a close approxi- 
mation to the truth, but probably the actirdt}'^ of smooth muscle offered a 
partial explanation for some of the contractile phenomena which he cited. 

Although Haller attributed the elasticity of arteries to the circular 
fibers, Flemyng, his contemporary, more closely approached an accurate 
understanding of the arterial wall Avhen he wrote : “But rvhen the 
arteries are fully distended, as the impetus ceases, the distending fluid 
being no more supplied, they will be left to contract themselves which 
they do either by the muscular action of the circular fibres or by their 
natural elasticity or both (but I believe much more by the latter than 
the former) and so . . .” 

The segregation of elastic tissue, collagenous connective tissue and 
smooth muscle as distinct structural elements awaited the rise of the 
school of histologists. The founder of histolog)^ was Jakob Henle, and 
to him are attributed the first comprehensive studies on elastic tissue, 
although Eulenberg and Schwann had made certain minor investigations. 
Henle (1841) was the first to identify and specify the elastica'in the 
walls of blood vessels. Kdlliker (1850; 1861) and Bonders were also 
among the early investigators who sought to throw light on the origin, 
nature and distribution of elastic tissue. The accumulated observations 
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as recorded by Kolliker (1850) disclose the eager progress made by the 
histologists and embryologists. The rising school of pathologists soon 
began to add contributions dealing with the nature of the elastica in dis- 
ease. Unna perfected a stain by which the alterations in the character of 
elastic tissue became more apparent. "Elacin,” “elastin,” “collacin” and 
“collastin” became common terms of usage. Strenuous debates arose 
concerning the origin, deterioration and regeneration of the tissue. 

The morphologist, proud of his rapid strides but seeking further 
aid, introduced the tissue to his colleagues. The physiologist failed to 
be impressed and never became seriously interested in its functional sig- 
nificance. The chemist added his bit in the form of a few analyses, 
made principally on the normal bovine ligamentum nuchae. Within 
recent years there has been greater interest, and as a result the physicist 
and the chemist have advanced experimental evidence, as well as impor- 
tant theoretic considerations, destined to reveal the molecular structure 
and arrangement of the elastica. Thus, investigators of this tissue stand, 
at present, with incompleted tasks in all fields of endeavor, especially 
in those labors necessary to unify the whole — studies of the function and 
of the formation and maintenance of the elastica in normal and in path- 
ologic states. 

ANATOMIC DISTRIBUTION 

Elastic tissue is always in association with collagenous tissue. The 
proportions of each vary within wide ranges. In general, elastica is less 
abundant in those places where the connective tissue shows loose texture. 
Numerous elastic fibrils are found in certain cartilages which are noted 
for their flexibility and elasticity. Rare fibers may be demonstrated in 
fibrocartilage. In bone there are a few thick elastic fibers, which usually 
may be 'traced into the periosteum. Adipose tissue for the most part 
has only a scant supply of elastic networks. Above all, the intimate asso- 
ciation of elastic tissue with smooth muscle is notable. This is so 
constant that some authors consider the combination as one tissue — a 
myoelastic tissue. Here, the anastomosing networks pass between and 
embrace smooth muscle fibers- In voluntary muscle they form a part of 
the sheaths and extend between the muscle fibers. Their abundance 
varies, but they are numerous in the ocular muscles and those muscles 
which are attached to soft parts, such as those of the tongue and face. 
Cardiac muscle contains but few fibers. 

In addition to the foregoing introduction to the general distribution 
of elastic tissue, it seems necessary to describe in brief detail the arrange- 
ment of elastica in the various bodily systems in order that a more 
complete understanding of the significance of the tissue in normal and in 
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pathologic processes may be reached. For much o{ this description, I am 

indebted to Maximow and Bloom. 

Those systems which arc designed chiefly for the mechanical trans- 
portation of materials from one part of the body to another arc supplied 
with an abundance of elastic tissue. Atnong these, the cardiovascular 
and lymphatic systems are of primary importance. The cardiovascular 
sj'stem may be divided for discussion into the heart, the arteries and the 
veins, while the lymphatic system may be divided into the spleen, the 
lymph nodes and the lymphatic channels. 

The heart does not have an abundant supply of clastic tissue. The 
clastica is most prominent in the endocardium, especially in that of the 
left atrium. From here the clastic networks if traced between the mus- 
cular crossbars of the atria arc found to be in continuity with the 
elastica of the epicardium. Although there are fibrils in the endo- 
cardium and in the pericardium of the ventricles, they seem to be absent 
from the myocardium except in the adventitia of large blood vessels. 
In the annuli fibrosi there arc few fibers. The atrioventricular valves 
contain more elastica in their atrial than in their ventricular halves. The 
leaflets of the aortic and pulmonary valves have numerous delicate fibrils 
which extend from the corpora arantii to the annuli, as well as other 
networks, which are especially numerous beneath the endothelium of the 
ventricular aspect of each leaflet. 

The arteries may be divided into the clastic type, the muscular type, 
the arterioles and the precapillary arterioles. 

The arterioles have a thin internal elastic membrane composed of a 
network of delicate fibrils. Although there are a few fibers in the 
adventitia, there is no external clastic membrane. 

As the arterioles diminish in caliber to about 62 microns the internal 
clastic membrane disappears and the adventitia soon loses its clastic 
network, so that the precapillary arterioles, as a rule, are devoid of 
elastica. 

Arteries of the muscular type have an internal elastic membrane, 
which in the smaller vessels is an elastic network. In the larger arteries 
there are subendothclial fibers, and the internal clastic membrane assumes 
a platelike, fenestrated appearance. This internal elastic membrane may 
be split into two or three layers, especially where these arteries branch. 
The increase in the size of these vessels is accompanied by an increase 
in the number of elastic fibers, which embrace the smooth muscle cells 
of the media. In the intermediate muscle layers, the elastica may form 
fenestrated concentric bands, which alternate with bands of muscle fibers. 
This medial network, which is continuous with that of the intima, fuses 
externally with the elastica externa. From this condensed layer.' fibrils 
pass outward to enmesh the tissue elements of the adventitia. 
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Large arteries of the transitional musculoelastic or elastic type have a 
variable distribution of elastica. As a rule, there are subendothelial fibers 
which unite with a thick fenestrated internal elastic membrane that in 
adult life may be composed of several lamellae. The media of these 
arteries is composed largel}^ of elastic tissue. In the aorta this consists 
of from fifty to sixty-five concentrically laminated thick elastic mem- 
branes. These are joined by delicate elastic fibers and are separated for 
the most part by collagenous connective tissue and smooth muscle fibers. 
There is no elastica externa, but in the outer layer of the media are 
found abundant networks, which anastomose with the rich supply of 
elastic tissue in the adventitia. 

Many variations from the model arteries have been described. The 
media of the visceral arteries may be composed of an internal muscular 
coat and an external elastic layer. The cerebral arteries have a well 
developed elastica interna and very little elastica in the media and adven- 
titia. In the renal arteries the networks are unusually prominent. The 
coronary arteries have internal and external elastic membranes. Although 
the inner layers of the media of the coronary arteries are rich in elastica, 
the outer portions are composed principally of smooth muscle. Other 
variations in arteries, which accompany certain physiologic and patho- 
logic changes, will be discussed elsewhere. 

Vaim . — Veins may be divided into those of small, medium and large 
caliber. There are great variations in the structure of veins and in their 
corresponding content of elastic tissue. They are much less elastic than 
arteries, and their elastica is less well developed. In veins larger than 200 
microns in caliber, elastica may be found. This is composed of delicate 
networks and is found in the media and adventitia. In the veins of 
medium caliber (from 2 to 9 mm.) a few inconspicuous elastic fibers 
may be distinguished in the intima, and a network of thick longitudinal 
fibers occasionally is found between the intima and the media. This 
network never assumes the form of a fenestrated membrane. In certain 
vessels, such as the saphenous vein, the innermost layer of the media is 
relatively rich in elastica. In larger veins the external layer of the media 
has flat networks of longitudinal elastic fibers which often separate the 
circular muscles into layers. These networks are connected with the 
fairly prominent meshes of adventitial elastica. 

The veins of large caliber usually have a few fibrils in the intima 
and media, while thick prominent fibers are numerous in the connective 
tissue of the broad adventitia. Smaller fibers are found in the inner 
muscular laj'er which lies adjacent to the media or sometimes next to 
the intima, if the media is absent. 
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Each valve of a vein contains a rather thick network of fibers on 
the side which is directed toward the lumen. These fibers are continuous 
with the intiinal elastica. 

Lymphatics . — Elastic fibers occur in the walls of all lymphatics which 
are of sufficient size to have valves and smooth muscle in their walls. In 
lymphatics with a diameter greater than 2 mm. there are longitudinal 
interlacing fibers in the intinia, delicate intermuscular fibrils in the media 
and in the adventitia a moderate amount of elastica, which for the 
most part is disposed tangentially. The thoracic duct has several intimal 
layers of delicate fibrils which are directed longitudinally. Near the 
junction of the intima and media an internal elastic membrane is formed 
by condensation of the fibrillar network. From this structure anasto- 
mosing fibers penetrate the media and join with the thick longitudinal 
fibers of the adventitia. 

The lymph nodes are poorl}' supplied with elastic tissue, but in the 
capsules and occasionally in the trabeculae delicate fibrils may be found. 

The spleen contains an abundance of elastica. It is especially plentiful 
in the capsule, where many fibrils, as well as elastic membranes, may be 
found. These are usually most numerous in the inner layers of the 
capsule, whence they are continued into the trabeculae, where elastica 
often exceeds collagenous connective tissue in amount. There are rare 
fibers in the reticulum of the white pulp. These are most numerous 
around the central arteries and at the periphery of the malpighian bodies. 
There is no elastica in the red pulp. As soon as arteries pass into the 
red pulp, they lose their complement of elastic tissue. 

Skin . — The elastic tissue of the integument has been studied thor- 
oughly. The hypodermis has but few fibers. In the derma thick net- 
works ramify independently of spaces between the bundles of collagen. 
They tend to condense around the adnexa. An interesting arrangement 
is the attachment of arrectores pilorum muscles to networks of elastica. 
Beneath the epithelium and in the papillae, numerous delicate fibers 
form a continuous network. The elastica of the cheek differs from that 
which occurs elsewhere. It is composed of a dense feltwork of closely 
arranged twisted fibers, which lies just beneath the epithelium. In gen- 
eral, where the skin folds easil)'’, the elastica is scanty. Where the skin 
is bound closely to the underlying structures, the fibers usually are more 
thick and numerous. 

Respiratory Tract . — Elastic tissue is found throughout the extent of 
the respiratory tract. Sparsely distributed delicate fibrils are found in 
the nasal mucosa. In the larynx, the arytenoid cartilages, although 
hyaline at their bases, have numerous elastic fibers in the matrix of the 
uppermost portions. The true vocal cords are composed largely of bands 
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of elastic fibers. In the lamina propria of the trachea many delicate 
networks are found. The elastic fibers are so closely arranged around 
the tracheal cartilages that a compact membrane is formed. The smooth 
muscle fibers which pass between the free ends of the incomplete carti- 
laginous rings are inserted principally into dense bundles of elastica which 
surround the trachea and its cartilages. The lamina propria of the 
bronchi is richly supplied with elastic fibers that are continuous with the 
abundant fibrillar network which enmeshes the smooth muscle cells of 
the bronchial walls and extends throughout the enveloping connective 
tissue, tending to condense around bronchial cartilages. In the res- 
piratory bronchioles (less than 5 mm. in caliber) the myoelastic mem- 
brane is very prominent. Many closely arranged straight thin fibrils 
are found in the walls of the ah’^eolar ducts and around the openings 
into the alveolar sacs. The interalveolar septums have a compact mesh- 
work of reticular fibers, but the elastic fibers are few. The visceral 
pleura contains several prominent layers of elastica. These course at 
various angles to the plane of the surface. 

Alimentary Tract . — ^The alimentary tract, although well supplied with 
smooth muscle, has much less elastic tissue than the respiratory tract. 
The mucous membrane of the mouth contains elastic networks which, 
except for a larger number of delicate fibers, are similar to those in 
the skin. In the mucous membrane of the cheek, as well as in the derma, 
there is an unusually abundant supply of elastica. The soft palate has 
dense networks, which lie between the lamina propria and the mucous 
glands of the submucosa. However, on the nasal side of the soft palate 
similar arrangements of elastica separate the mixed glands of the lamina 
propria from the muscle. No elastic fibers are found in the periodontal 
membrane. Beneath the epithelium of the tonsils there is a moderate 
amount of elastica, which is continued into the cores of the tonsillar 
iolds. In place of a muscularis mucosae the pharynx has a thick layer 
•of fibers, which principally are disposed in a longitudinal direction. 
AVhere the pharynx merges with the esophagus, the elastica becomes 
thinner as the networks are succeeded by the muscularis mucosae, which 
retains a few delicate fibers. In the fornix the layer of elastica blends 
into the periosteum of the skull. Throughout the lamina propria delicate 
fibrils are found both in the pharynx and in the esophagus. The latter 
has, in addition, coarse networks which ramify throughout the sub- 
mucosa. The stomach has very little elastica in its wall, especially in 
the lamina propria. The intestine has a few delicate networks which 
surround the vessels in the lamina propria and accompany the smooth 
muscle of the muscularis mucosa. Although the networks increase in 
prominence in the submucosa, the muscular layers contain only a few 
fibrils. 
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Uvogcuital System. — The kidney has no elastica except that which is 
associated with vessels. It may be noted that the afferent arteiioles 
have a delicate elastica interna, which disappears with the branching of 
the vessels to form glomerular arterioles. The efferent arterioles have 
no elastic membrane. The lamina propria of the renal pelvis, ureter and 
bladder has a few delicate networks, Avhich are continuous with the 
fairly abundant elastica of the tunica muscularis. The lamina propria 
of the urethra is rich in elastic networks. 

The genital tract of the male contains much elastic tissue, while that 
of the female is less well supplied. Elastic nets are present in the tunica 
albuginea, mediastinum and septula of the testis. The singular basement 
membrane of the seminiferous tubule contains many very delicate fibrils. 
Elastica is prominent in the corpora cavernosa, not only between the 
cavernous blood channels but also in the tunica albuginea. The ovary has 
no elastica in the cortex, but there are numerous networks in the medulla. 
The fallopian tube has a few fibers in the muscularis. In the uterus 
there is no elastica in the endometrium or in the subjacent muscle. 
Fibers are present in large numbers in the external portions of the uterine 
musculature, in the cervix and in the vaginal wall. The lobule of the 
breast normally has no elastica. In the lactating gland elastic fibrils may 
be found, especially around the excretory ducts. 

Biliary and Pancreatic Ducts. — ^The biliary system has a small amount 
of elastica around the intrahepatic ducts. The tissue increases in rough 
proportion to increase in caliber of the ducts. The largest number of 
fibers are found in the walls of the extrahepatic ducts and in those of 
the gallbladder. In the latter they tend to accompany the smooth muscle 
bundles, only a few fibrils being found elsewhere. 

The pancreas has onl}'^ a few delicate networks. These are located 
around ducts. 

Osseous System. — The periosteum contains a few networks, which 
are more prominent in the external layer. From this layer thick fibers 
occasionally may be traced into the cortical bone. A few fibers are 
present in the intervertebral disks and in the capsules of joints. 

Central Nervous System. — Except that present in blood vessels, the 
only elastica in the central nervous system is confined principally to a 
few networks in the dura and leptomeninges. 

Eye. — The eye has a plentiful supply of elastica. The delicate net- 
works of the sclera and those of the choroid join to form the rich 
meshwork of the lamina suprachoroidea and lamina cribrosa. In the sub- 
stantia propria of the cornea a series of very delicate networks are found. 
These are more easily found anterior to Descemet’s membrane. Although 
this membrane resembles elastica in staining qualities, the reactions are 
not typical. Beneath the pigment epithelium there is a narrow zone of 
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delicate fibrils. There are numerous fibrils in the ciliary body, but none 
is found in the uvea. The e 3 ''elids have abundant networks. 

Ear . — The auricle of the ear has an irregular plate of elastic cartilage, 
about which there are dense elastic networks. Although the tympanum 
is composed principally of collagen, delicate elastic fibrils are present, 
most prominent in the central zone. The eustachian tube is enclosed 
partially by elastic cartilage. 

EarBRYOLOGY 

It would be impossible to discuss the complete embryologic evolution 
and development of the elastica in this limited space. Therefore, it 
seems appropriate to dwell bi'iefly on the tinctorial qualities of the 
elastica as it matures, the time- and site of its first appearance in certain 
vertebrates and its distribution in developing chick and human embiyos. 

The vascular system is the first bodil}’- part to be supplied with elastic 
tissue. The larvae of certain Amphibia, namely, the salamander (Flem- 
ming) and the axolotl (Spalteholz), have been studied. In the former, 
when it is 3 to 4 cm. in length, elastic fibers appear in the Mesenterial- 
wursel. In the latter, when it is 9 to 10 mm. in length, tliey may be 
found in the truncus arteriosus. Among the Aves, Spalteholz demon- 
strated elastica in the three day chick embryo and the four day duck 
embryo. In the human embryo elastica first makes its appearance during 
the third or fourth week, at which time it is found in the aorta (Rothig). 
The development of the elastica in the chick embryo was studied by 
Nakai. During the fifth da}', two days after the heart begins to beat, 
fibrils ma}^ be found at the base of the aorta and the pulmonary artery, 
in the peripheral la 3 ^er of each vessel. B}’’ the ninth da)’’, elastica is 
demonstrable in the epicardium, and about the tenth day it appears in 
the tissues around joints and insertions of the extremities. By the four- 
teenth da 3 ^ it is distributed throughout the interstitial tissues but does 
not appear in the organs until later. 

The study of human embryos has been concerned chiefly with 
the vascular system, lungs and skin. Rothig demonstrated elastica in the 
aorta during the third or fourth week. Hewer found that fibrils in the 
cerebral and coronar 3 '' arteries were well developed as early as the six- 
teenth week. However, even at the time of gestation certain vessels, 
notably those of the adrenal, pituitary and thymus, and veins of the 
renal cortex were supplied with very little elastica. Linser found that 
the networks in the pulmonary vessels were demonstrable as early as the 
tenth week but that they did not gain their full fetal complement until 
the middle of the fifth month. This distribution is changed after birth. 
Within a period of two or three months of extrauterine life the veins 
show a relative increase and the arteries a relative deci-ease in the 
amount of elastic tissue — thus reaching a stage comparable to that found 
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in the adult lung. In the course of the third month of embryonic life a 
thin refractile membrane appears beneath the endothelium of the brachial 
artery. This does not stain electively until the fourth month ; neverthe- 
less it is the anlage of the mature elastica interna (Maximow). During 
the fourth month the elastica externa makes its appearance. Coincident 
with the increase in the number of smooth muscle cells in the media, 
an increasing number of elastic fibrils develop. Thus, the medium-sized 
arteries, of which the brachial is an example, attain their complement of 
networks. 

Linser investigated the development of elastica in the lungs of human 
embryos. Early in the fourth month fibrils appear along the larger 
bronchi. These increase in number and assume a purposeful laminate 
arrangement, so that at the beginning of the fifth month there are six 
to eight delicate bands beneath the epithelium. By this time elastic net- 
works are forming among the smooth muscle bundles as well as in the 
peribronchial tissues. In the latter situation they tend to condense around 
the cartilages, while only rare fibrils are found in the cartilages. During 
the fifth month a few fibrils appear in the lung jDarenchyma, especially 
along small vessels and adjacent to epithelial-lined structures. It is not 
until the seventh month that fibrils are distinguishable in the stroma of 
the parenchyma. By the end of the seventh month the elastica reaches 
the full state of antenatal development. During the first month of extra- 
uterine life the elastica becomes more abundant and reaches the state 
of differentiation which is found in the adult lung. 

The progressive stages of' differentiation of the pulmonary elastic 
tissue are analogous to those which were described by Maximow as 
occurring in the internal elastic membrane of the brachial artery. The 
elastic fibrils are at first only weakly stainable by the specific stains. The 
intensity of the staining reaction increases gradually, but with unusual 
rapidity during the sixth month. But, surprising though it may seem, 
the full depth of staining, which corresponds to that of the vascular 
elastica, is not attained until after several days of extrauterine life. The 
observations of Sudsuki and Rothig in general were in agreement with 
those which have been described. 

Linser found that the development of the elastica in the lungs of a 
number of mammals was similar to that which occurred in man. The 
chief difference was in the rapidity of formation. As a general rule, he 
found that the more active the animal the more rapid were the formation 
and maturation of elastic tissue. 

The development of elastic tissue in the skin has been studied in 
detail by Lynch. It appears in the blood vessels at the fifth month and 
in the' corium during the sixth month. According to "White, there is 
a gi-eat increase in the amount during the eighth month. ' Hewer found 
an abundance of elastica in the skin at the fourth month. It may be 
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that certain discrepancies are explicable on the basis that there is a 
great variation in the amount of elastica from place to place. 

Hewer attempted to correlate the time of appearance of elastica in the 
human embryo with the beginning of functional activity of tissues and 
organs. In the study the basement membranes apparently were con- 
sidered as a part of the elastic tissue system. The first appearance of 
elastica in the kidneys was in the interstitial tissue at eight weeks. At 
sixteen weeks there was a definite basement membrane to Bowman’s 
capsule, the convoluted tubules and Henle’s loop. Previously, during 
the sixth to the eighth week, the ureter had gained a basement mem- 
brane. The author assumed that the kidne}^ began to function at about 
the twelfth week. Elastica was found in the spleen as early as the 
twelfth week and was present in abundance in the skin by the sixteenth 
week. In contrast to the vascular system, lungs and skin, the alimentary 
tract showed a scanty and much I'etarded development of elastica. A 
basement membrane appeared beneath the epithelium of the esophagus 
during the twelfth week. There was no elastica in the small intestine. A 
few fibrils were found in the muscularls mucosae of the stomach, cecum 
and appendix after the sixteenth week. The parathyroid contained no 
fibrils. By the sixteenth week the thyroid follicles had been supplied 
with a basement membrane and the glandular stroma showed numerous 
fibrils. The elastica began to develop in the stroma of the adrenals at eight 
weeks and in the pituitary at thirty-two weeks. The tunica albuginea, 
trabeculae and basement membranes of the testis showed some elastica at 
eighteen weeks. As early as the sixth week fibrils began to appear 
beneath the germinal epithelium of the ovary, and a few fibers pene- 
trated the stroma. No elastica was found in the thymus. By the six- 
teenth week there was an “elastic” basement membrane of the choroid 
plexus. At this time there were a few delicate fibrils in the pia-arach- 
noid. After this thorough study. Hewer was unable to arrive at definite 
conclusions concerning the influence of function on the origin and matu- 
ration of the elastica. The chief difficulty was the lack of knowledge 
concerning the time of onset of function in most of the organs and 
tissues. 

PHYLOGENY 

Exact information concerning the occurrence and distribution of 
elastic tissue in the invertebrates and lower vertebrates is meager. From 
the accumulated data, one might believe that what occurred phjdogenet- 
ically in the animal series is analogous to that which occurs ontoge- 
netically in man. 

In the invertebrate series, studies have been made on certain Mollusca 
and Chordata. Argaud (1909) stated that there were no true elastic 
fibers in Mollusca, but there were fibrils which had the physical character- 
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istics without the staining qualities of elastica. In Avion, Argaud ( 1909) 
found no fibrils of this nature. In Eledone moschata, beneath vascular 
endothelium there was a hyaline limiting membrane which had the optical 
but not the staining reactions of elastic tissue. Inasmuch as A. Asch- 
off ,(1S93) stated that the first anlage of the elastica interna in the human 
embryo appeared as a hyaline membrane, Argaud raised the question as 
to whether this hyaline membrane could be connected phylogcnetically 
with the hyaline menibrane of Mollusca. Schiefferdecker studied Sepia 
officinalis but could find no elastic fibers stainable as such. Wetekamp 
found in the typhlosole and in the stomach wall of Anodonta cellensis not 
only connective tissue but also elastic fibrils. Indeed, the whole intestine 
seemed to be enclosed in an elastic net. Schiefferdecker was unable to 
demonstrate elastic fibrils in the typhlosole of Anodonta and Unio. 
Among Chordata, Biitschli studied the amphioxus and found elastic 
fibrils in the perichordal tissues. Schiefferdecker could not confirm this. 

Observations relative to the vertebi'ate series were less contradictory. 
Two Cyclostomata, Petromyzon marinus and Petromyzon fluviatilis, were 
studied. Argaud (1908) found no elastica in the former. In the latter, 
Schiefferdecker noted around the chorda a membrane which resembled 
elastic tissue. In two Ganoidei, Acipenser sturio and Acipenser ruthenus, 
there were well formed typical elastic fibers, especially in the walls of 
blood vessels, around the chorda and along the vertebral column (Schief- 
ferdecker), In two Selachii, .Scyllium stellare and Torpedo ocellata, 
Schiefferdecker found an abundance of elastica through the body. The 
same has been found to be true for all higher vertebrates. The amount 
and distribution of elastica differ widely, however, as may be inferred 
from the careful descriptions of the pulmonary elastica of various 
Amphibia, Reptilia, Aves and Mammalia (Ogawa). 

From the accumulated observations it seems that in the lower animals 
there is a tissue which has the physical properties but not the staining 
reactions of elastica. Higher in the animal scale, in Petromyzon, elastica 
tissue which can be differentiated by staining reactions first appears. 
Even in this instance, the staining qualities are not quite typical. In 
Ganoidei characteristic elastica makes its appearance. Phylogenetically, 
the early appearance of elastica and the assumption of the differential 
staining reaction are comparable to those developmental stages of the 
elastica in man. In the latter instance, first the fiber is refractory to the 
stain, secondly the fiber is impregnated weakly, and finally the fiber 
assumes full differential staining qualities. In this regard it is of 
interest that a similar development of morphologic and tinctorial proper- 
ties was described by Bloom, who studied the formation of elastic 
fibers in tissue culture. 
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Finally, the reversal of the developmental sequence occurs in certain 
regressive changes which will be considered in the discussion of the 
pathology of the elastica. 

HISTOGENESIS 

Controversial observations and spirited polemics have marked < the 
progress of knowledge of the mode and site of origin of the elastic ele- 
ments of the connective tissues and cartilage. 

Before the numerous theories are discussed certain fundamental ques- 
tions which bear on all hypotheses must he considered. First, does the 
elastic fibril originate by coalescence of granules or is it developed as a 
continuous delicate fibril? Second, if it develops as a fiber, is it from 
the beginning a full)^ differentiated fiber, or is it formed, by means which 
for the present one may disregard, from a preelastic fibril, from an 
undifferentiated fiber or from a collagen fiber? 

The consensus is that the elastic fiber, whether it is in cartilage or 
elsewhere, first appears as a continuous fibril. Evidence to the contrary 
has been advanced by Ranvier, Gerlach, Deutschmann, Loisel, Gardner 
and de Kervily. Ranvier held that the fibers were formed by a fusion 
of granules. Gerlach and Deutschmann demonstrated granules, which 
were bound alongside cells. They contended that these were the pre- 
cursors of the elastic fibril. Loisel believed that the elastica arose as a 
fiber derived from the cell protoplasm, but in the intercellular matrix he 
noted elastic granules the purpose of which seemed to be to augment the 
size of the formed fiber. Gardner found in the protoplasm of cells tiny 
granules, which became alined so as to form intracytoplasmic fibrils 
by coalescence. De Kervily showed by silver stains that a large number 
of fibrils, especially in the cartilages and perichondrium of the respiratory 
tract, appeared to be composed of rows of small granules. 

Other authors were content to consider the original structure as a 
fibril, but they failed to agree as to the exact nature of the fiber. Loisel, 
Linser and von Korff contended that the product of the fibroblast was an 
undifferentiated fiber which could be transformed into either collagenous 
or elastic elements. Virchow (1851), Schiifmann, Gugot, Fuss and 
Krosing (see Rothig) believed that elastic fibers arose by alteration of 
the character of the collagenous fibril. Other authors expressed the 
opinion that the elastic elements were formed independently and from 
the beginning were destined to be elastic tissue. 

Further questions which faced the investigators may be outlined as 
follows : Does the elastic fiber originate from cell protoplasm or from 
the intercellular matrix? In either instance, is the formation dependent 
on specific cellular activity? If cellular activit}'- is of fundamental impor- 
tance, is there a specific cell whose sole function is the elaboration of the 
elastic fibril? What is the mechanism by which the fiber is controlled 
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after it has gained an intercellular position? What part do mechanical 
or other forces play in this mechanism? 

For purposes of correlation one may take the liberty of classifying 
the results of many studies into three groups. There were those authors 
who believed in the cellular origin of the elastica. Their contemporaries 
advanced a contradictory hypothesis which concerned itself with the 
formation of fibrils in the intercellular substance without specific par- 
ticipation of cells. The third group of observers combined the afore- 
said cellular and intercellular theories. 

The cellular theory of origin includes all points of view which are 
concerned with fibril formation by virtue of cellular activity from 
nuclear material, intracytoplasmic granules, cjhoplasm, ectoplasm or 
secreted substances. Advocates of this theory were Schwann, Henle 
(1841), Boll, Hertwig, Gerlach, Fol, Taddei, Nakai, Spalteholz, Jores 
(1907), Ladwig, de Kervily, Orsos (1926) and Krompecher (1928). 

The second, or intercellular, theor}’’ was supported by Kdlliker 
(1850), Henle (1852), Schwalbe, Weismann, Rabl-Ruckhard, Kollmann 
and Fuss. 

The third theory was developed on the basis of a new conception 
of the fundamental nature of the intercellular ground substance. Han- 
sen, Spiiler, Loisel, Mall, Flemming, Geipel, Meves, Hueck and Ladwig 
supported this hypothesis. 

Even within the separate groups there were variations of opinion. 
For this reason it seemed worth while to present briefly the ideas 
of certain authors. 

Henle in his earlier writings regarded elastic fibers as originating from 
the nuclei of connective tissue cells, although subsequently he was 
inclined toward the point of view that they arose in the intercellular 
substance. 

Hertwig found that the fibers first appeared along the margins of 
cells. He believed that they were constructed from the protoplasm by 
specific activity of the cells from which they arose. 

Gerlach contended that the fibers, at first very delicate and difficult 
to distinguish, were formed at the cell surfaces and later were separated 
from the cell. 

Fol proposed the theory that elastic elements in cartilages were never 
a differentiation product of the cytoplasm but assumed fibrillar form in 
the coagulum of the cell secretion. 

Taddei agreed with the conception that young elastic fibers were 
differentiated in the protoplasm of connective tissue cells and eventually 
were cast off into the intercellular spaces. 

Nakai Avas able to follow the stages by which the processes of 
mesenchymal cells were converted into elastic fibrils. 
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Jores (1907) supported the contention that elastic fibers developed 
from cell protoplasm without passing through an intermediate connec- 
tive tissue fiber stage. He arrived at these conclusions after a series of 
careful studies. 

Ladwig agreed with those who believed that elastic fibers were 
differentiated along the periphery of fibroblasts, 

Spalteholz believed that his studies favored the intracellular theory 
of origin. 

De Kervily demonstrated in certain cartilages of human embryos 
fusiform cells which contained protoplasmic granules that had an affinity 
for silver. He believed that these granules coalesced and- in combination 
with the cell protoplasm gave rise to the elastic fibril. Also, he demon- 
strated intracellular granules which stained electively with elastic tissue 
stains. He assumed that these were the basic substances of the elastic 
fibril. 

Orsos (1926) found in the same cell two types of fibrils, having 
different tinctorial and optical properties. The staining reactions indi- 
cated that one type was composed of an albuniinoid substance and the 
other of globulin. The former gave rise to collagen fibrils, and the 
latter became differentiated into the “elastica." 

Loisel and Kronipecher were not content to accept the majority 
opinion that the fibroblast or undifferentiated connective tissue cell 
elaborated the elastic fibril. They presented evidence in support of a 
theory that the fibril formation was restricted to a specific type of 
mesenchymal cell, which had no power to form other types of fibers. 
Loisel designated this cell as an “elastoblast.” Both observers believed 
that this cell could be recognized by its distinctive histologic structure. 
Krompecher believed that in pathologic as well as in physiologic states 
the elastic elements were formed along the borders of the elastoblasts 
and that as soon as the elastic elements were differentiated the specific 
cells tended to disappear and no new fibers developed unless there 
was a regrowth of' elastoblasts. 

The few authors who believed in the origin of the elastic fibril 
solely from the intercellular matrix did not undertake the complete 
studies that were • made by those who advocated participation of the 
cell in the formation. 

Kolliker (1850) and Schwalbe agreed that the elastica was formed 
by a peculiar transformation of the intercellular substance of the con- 
nective tissue anlage. They believed that all large fibers developed by an 
increase in size of the small delicate fibrils. 

Rabl-Riickhard contended that the elastic fibrils in the cartilage 
of the ear were formed not from the cells but by dift'erentiation of 
a part of the hyaline ground substance. 
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Weismann and Kollmann believed that formative powers were 
present in the intercellular substance, by which the fibrils were developed. 

INIatsukoa attributed the ncAV formation of elastic tissue in regenerat- 
ing cartilage to a morphologic and chemical change of the intercellular 
substance. 

Fuss stated that the cells had no direct part in the formation of 
fibrils but that these arose from fibers which were chemically identical 
with collagenous fibers. 

The blending of divergent opinions found expression in the con- 
clusions of several authors who gave due consideration to the part 
played not only by the cell but also b}' the intercellular materials. 

Spiiler expressed the opinion that elastic elements were formed by 
the cells. He believed, however, that the formation was not necessarily 
dependent on the cell body but that the development of the fibril could 
occur at a distance from the cell in the ground substance. In 1897 he 
stated that the outer zones of the cell were a part of the ground sub- 
stance. These zones seemed to have an inherent foiunative ability and 
could readily be split off from the cell. 

Loisel believed that certain specific cells, the elastoblasts, formed 
fibrils at the expense of their processes and their protoplasmic periphery. 
These fibrils became isolated in the form of a protoplasmic spindle 
enclosed by a fibrillar mantle. After separation from the cell most of the 
fibers assumed the character of elastic fibers, and the remainder became 
a part of the connective tissue. Furthermore, in the isolated protoplasmic 
'part, elastic granules appeared. Their purpose seemed to be for the 
augmentation of the elastic fibril. Later, the growth of the fiber seemed 
to occur through a transformation of connective tissue substance into 
elastic substance, 

Hansen agreed with the belief that there was a transformation of 
protoplasm and protoplasmic processes into elastic fibrils, but he con- 
cluded that in cartilage the fibrils were developed from the intercellular 
matrix. 

Mall divided the protoplasm of the mesenchymal syncytium into 
endoplasm and ectoplasm. He believed that elastic and collagenous 
fibers arose in the ectoplasm and that one cell was concerned in the 
formation of both tissues. Flemming also believed that the fibrils took 
form in the ectoplasmic mantle of cells. He contended that this mode 
of origin would explain the apparent development of fibers in the inter- 
cellular matrix of cartilage. 

Geipel concluded that the elastica was formed in the cell sheath or 
mantle and that it was a matter of individual measurement whether 
one might consider the fibers as a constituent part of the cell or as a 
part of the earliest deposit of the intercellular substance. 
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Meves maintained that the intercellular substance had an inherent 
ability to produce new fibrils. 

Hueck supported a belief which is concerned with a ground sub- 
stance formed by a thickening of the protoplasmic margins and a con- 
tinuous recurring separation of these parts from the protoplasm so- 
as to form an undifferentiated intercellular substance from which elastic 
and collagenous fibrils may arise. 

Ladwig on the basis of heterotransplantation experiments concluded 
that elastic fibrils differentiated along the margins of fibroblasts. 

Bloom found that the elastic fibers which developed in tissue cultures 
of guinea pig heart muscle were always extracellular in position. 

It seems logical at this point to consider briefly a few factors which 
may exert an influence on the origin and augmentation of the elastic 
fibril. These may be evolutionary, physical, chemical, hereditary or 
hormonal. The hereditary, the hormonal and to a certain extent the 
chemical factors will be discussed in the part of this review which deals 
with the pathology of the elastica. The phylogenesis of elastic tissue 
and its recapitulation in the embiyologic development of the human 
embryo have been discussed under the appropriate headings. 

Physical factors of stress and strain were believed by His to be of 
great importance in the development of connective tissue structures. 
Roux, a leader of the "mechanistic school,” contended at one time that 
function and action were the sole influences which initiated and guided 
the development of the connective tissue structures. Later, he admitted 
that this idea failed to explain the intricate anatomic character of certain 
connective tissue elements. Pie classified these structures as nonfunctional 
and hereditary. Despite the difficulties of actual proof, he contended 
that there were two great stages of development. The first period 
included the embryonic state, during which time the constituent parts 
appeared, differentiated and grew by virture of inherent qualities. The 
second period was characterized b)^ a more complete development of 
the various parts under the guiding influence of stimuli. 

Melnikow-Raswedenkow favored the theory that elastic tissue 
normally made its appearance where there was a mechanical necessity. 
Jores (1902) gave certain good reasons for his opposition to this 
point of view. Scagliosi in instances of phlebectasia described new 
formation of elastic tissue in those sites where the Avail of the blood 
A’^essel had been Aveakened by medial degeneration. Maximow and Bloom 
concluded that in general the amount and degree of development of 
the elastica in the wall of the blood A^essel were more or less propor- 
tional to the pressure of blood within the A'^essel. Bloom found that 
elastic fibers Avere formed in tissue cultures of embryonic guinea pig 
heart muscle. He stated that although contractile pulsation of the 
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muscle explant was not essential for their formation, they attained 
their greatest development under its influence. Thus, what investigators 
have learned of the phylogenesis, embryonic development, normal 
anatomic distribution and in vitro cultivation of elastic tissue tends 
to support the hypothesis that mechanical forces may exert an influence 
on the genesis and development of the elastica, especially if those 
forces are rhythmic and fluctuating. 

In the preceding accounts, a discussion of the participation of a 
theoretical chemical substance, elastin, in the formation and maturation 
of elastica has been omitted. Ranke (see Hueck) and Hueck were 
two of the several authors who advocated the hypothesis that the fibers 
which are formed may be impregnated with either collagen or elastin 
and that this impregnation will determine the ultimate nature of the 
fiber. 

Bierich believed that certain alterations in the physicochemical con- 
dition of the collagen fillers fitted them for impregnation with elastin. 
The more or less variable and intei'changeable staining reactions of 
collagen and elastin in various pathologic states have induced many 
authors to accept the stated hypothesis. Unna (1928) has discussed 
the possible chemical nature of these substances. 

Further indication that elastin is a specific chemical substance with 
which fibers may become impregnated has been advanced by tissue 
culture studies. Erdmann found that elastic fibrils, as judged by stain- 
ing reactions, were formed in tissue cultures only in those instances 
in which elastin was present in the tissue prior to explantation. Bloom 
found that in cultures of embryonic aorta the elastic fibrils which 
developed took form near the ends of the explant and seemed to be 
continuous with the preformed elastica in the media. Odiette agreed 
with the observations of Erdmann. He was able to influence the in 
vitro development and degeneration of elastic fibers by using various 
combinations of amino acids in the culture medium. Therefore it seems, 
from the accumulated facts, that future investigations will be concerned 
with a substance or substances which are elaborated from relatively 
simple chemical compounds and deposited in the elective sites. It may be 
predicted that such substances will be of such a labile nature as to be 
resorbed, redeposited and augmented in response to certain physiologic 
stimuli and as a result of certain pathologic processes. 

From the foregoing considerations it may be concluded that: 

1. Maturation of the elastic tissue morphologically and tinctorially is 
a relatively slow process. 

2. Ontogenetic development of the individual fibril in man simulates 
the development which occurs phylogenetically. 
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3. Fibril formation, if influenced by stimuli in the same way as the 
collagenous tissue, does not respond in a like manner either as to time, 
place or degree. 

4. Embryonic sequences indicate that although the structure and 
distribution of elastic tissue may in paid be predetermined, functional 
demands, beginning in early embryonic life, also play an important 
role. 

5. The sequences in the development of elastic fiber networks, if 
one adheres to a cellular theory of origin, remain obscure even though 
one accepts the postulate that there is a continuous change of endo- 
plasm into ectoplasm. 

PROPERTIES 

The physical and chemical properties of elastic tissue differ from 
those of collagenous connective tissue. In treating of this subject the 
terms “elastin” and “collagen” will be used frequently. These terms 
are merely names given to the material which composes each type of 
tissue. 

The exact role of each tissue in response to the application of 
force is unknown. Certain inferences have been made and handed on 
from one generation to another without proper justification. Within 
certain limits, after deformation these tissues promptly resume their 
original form. Inasmuch as one type of tissue is usually accompanied 
by the other in varied proportion, arrangement and compactness, the 
part played by each tissue or other elements with which they commonly 
are associated in the resumption of form has not been studied adequately. 
Be that as it may, certain observations have led most authors to believe 
that the elastic tissue has, in the common understanding of the term, 
great elasticity, while collagen has little inherent power of resumption 
of form after great deformation. Although knowledge is meager, by an 
analysis of the physical and chemical nature of elastic tissue certain 
pertinent questions may be approached. First, hoiv is the tissue designed ? 
In answering this question, the anatomic distribution throughout the 
body, the microscopic structure of the constituent parts and the more 
minute physical structure deserve consideration. Secondly, is this 
design of such nature that it fulfils the requirements by which materials 
become possessed of great elasticity? In this regard certain laws of 
elasticity, both physical as applied to rods and wires and physicochemical 
as applied to elastic colloids, will be considered. 

Physical P^’opej’ties . — ^The elastica ma}'’ occur in the form of circular 
fibrils, as flat bands or as membranes which often are fenestrated. The 
tissue in yellow. As a rule, it is composed of fibrils which form con- 
tinuous networks. Normally, no free ends can be found. The unit 
fibers, band or membranes vary in diameter from almost ultramicro- 
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scopic dimensions to between 10 and 12 microns. When they are under 
normal tension, they tend to be straight. If this tension is reduced, they 
assume an undulate, spiral or angulate form. If a greater than normal 
force is applied, they exhibit extraordinary extensibility, and as soon 
as the deforming force is removed, they have an inherent capacity 
for returning quickl}'^ to almost their original shape. At the limit of 
extensibility they usually rupture in a transverse direction, without 
splitting, and the broken ends tend to curl in a spiral manner. The 
extensibility is greater in the long axis of the fiber than in a direction 
perpendicular to the axis (Wohlisch). In their natural state they are 
highly refractile and almost isotropic. With drying or stretching they 
become doubly refractile. While they are drying there is a great reduc- 
tion in thickness but very little proportional diminution in length 
(Wohlisch). The fibrils are paramagnetic and exhibit electric and 
magnetic anisotropy. If one assumes that basophilic matter is on the 
positive pole and acidophilic matter on the negative pole, elastic tissue 
is positive to collagenous tissue, and a difference in electrical potential 
must exist between the two. 

There is little similarity between the thennoelastic characteristics 
of this tissue and those of rubber, with which it has been compared so 
frequently (Wohlisch). As the temperature is increased from 0 to 60 C. 
the fibrils soften, gradually diminish in length and increase in thickness. 
Up to 60 C. these changes are reversible. Above 60 C. the fibers become 
hard, and there is a decrease in volume, which is evidenced by a diminu- 
tion in length and breadth. 

Theoretic conceptions of the fundamental physical structure of the 
elastic fiber have been advanced on the basis of data obtained by roent- 
gen ray spectrographic analysis by Herzog and Gonell. These observers 
concluded that collagenous and elastic fibrils were composed of regularly 
oriented microcrystals. From their observations, if fiber diagrams of 
roentgen ray diffraction patterns may be used as a source of authority, 
it may be contended that the main valence chains of the elastic fiber 
must extend in the long axis of the fibril, while weak or side valences 
are assumed vertically. The main valence chains would be grouped to 
form micellae, which may be considered as the primary units of the 
fiber. The data which are presented by them are not complete or entirely 
convincing. Further studies should certainly be made. 

Chemical Properties . — The elastic tissue is composed of albuminoids 
which belong to the group of scleroproteins. In contrast to collagen, it 
is very resistant to the action of chemical agents (Satterthwaite) . It is 
not soluble in acetic acid, potassium hydroxide or hot water. It is slowly 
digested by pepsin in an acid solution and by trypsin in an alkaline 
solution. The ease with which fibers are digested- varies accord- 
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ing to the source from which the fibers are obtained (Marriott). When 
digested by trypsin in an alkaline medium, the fibers do not become 
thinner but break up into globules, which are held in position by an 
external sheath that ma}'' represent the substance with which fibers are 
“coated” or “impregnated.” The fibers, as exemplified in certain patho- 
logic states, have an affinity for calcium, iron and silver. -Exposure 
of the skin of mice to roentgen irradiation, tar or arsenic causes an 
increase in the number of “elastic” fibrils (Bierich, 1922). Later 
Bierich and Rosenbloom used the term “resorcin fibres” to designate 
certain fibrils which they produced experimentally by depression of the 


Table 1. — Coinpansott of Collagen and Elastin (After Colmheini) 


Aminoacetic acid 

Alanine 

Valine 

Leucine 

Aspartic acid 

Glutamic acid 

Proline 

Oxypyrrolidin carbonic acid, 

Phenylalanine 

Tyrosine 

Histidine 

Lysine 

Arginine 

Ammonia 


Collagen 

1D.25 

3.0 


G.75 

0.56 

14.0 

7.7 

6.4 

0.4 


0.4 

5.6 

9.3 

0.45 


Elastin 

25.75 

6.5S 

1.0 

21.3S 


0.76 

1.74 


3.89 

0.54 

0.53 

2.48 

1.86 

0.05 


Table 2. — Values Obtained by Chittenden and Hart in Analysis of Elastin 


Carbon 54.24 

Hydrogen 7.27 

Nitrogen 16.70 

Sulfur 0.30 

Oxygen 21.79 

Ash 0.90 


pn of collagen to low values. They considered these to be products 
of hydrolysis of collagen and that they were related to absorption and 
release of silica compounds (Bierich, 1924). 

Chemical analyses of the substance (elastin) which presumably 
represents the elastic tissue have been made in detail on ligamentum 
nuchae of oxen. Table 1 is taken from Cohnheim’s textbook, “Chemie 
der Eiweisskorper,” and table 2 includes the figures obtained by 
Chittenden and Hart. The comparison of elastin with collagen discloses 
certain important differences. An interpretation of these difierences 
may aid in the explanation of some of the qualities of the elastica, 
namely, the acidity, the resistance to acids and the reducing power. 
These properties are those which were utilized in the development of 
differential staining methods. Elastic tissue contains only small amounts 
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of the basic diamino acids, and it is assumed that for this reason acids 
are less injurious to elastin than to collagen. The principal acid con- 
stituents of collagen are aminoacetic acid, glutamic acid, proline and 
oxypyrrolidin carbonic acid, while those of the elastica are amino- 
acetic acid, leucine, alanine and phenylalanine. These are less neutralized 
by basic amino acids, particularly lysine and arginine, than are the 
acids of collagen. Elastin also differs from collagen in that it has a 
strong reducing power. This has been attributed by Unna to its rela- 
tively high content of reducing amino acids. 

Now that the physical properties ajid some chemical components 
of elastic tissue have been mentioned, the term “elasticity” may be 
defined, some of the laws which govern elasticity of solid bodies may 
be enumerated, and the rules which should be fulfilled to allow for elastic 
qualities in colloids may be considered. All this is done for the purpose 
of approaching the problem as to how well elastic tissue has been 
designed for the optimal performance of certain functions. 

In the beginning, one must broaden one’s views to include not only 
a perception of elasticity in the ph 3 'sical sense but also elasticity in the 
common sense. By ph 3 'sical definition, elasticity is the property in 
virtue of which bodies resume their original form or volume when the 
force which altered that form or volume ceases to act. By this definition 
the coefficient of elasticity of bone is much greater than that of elastic 
tissue. In the common conception of the term “greatness of elasticity” 
implies the property of great deformation when a force is applied, with 
almost prompt recovery of the original form or volume after the deform- 
ing force has ceased to act. Therefore "great elasticity,” as a term 
of usage in this paper, implies qualities similar to those of a highly 
extensible rubber band. 

Elasticity may be developed in bodies by pressure, traction, flexion 
or torsion. There is a limit of elasticit 3 '- of solids beyond which they 
either break or are incapable of regaining their original form or volume. 
When the limit of elasticity has not been exceeded, the traction of rods 
and wires is subject to the following laws: 

1. Rods and wires possess perfect elasticity ; i. e., they assume their 
original length as soon as traction ceases. 

2. For the same substance and the same diameter, the elongation 
is proportional to the force of traction and to the length. 

3. For rods and wires of the same length and substance, but of 
different magnitude, the elongation is in inverse ratio to the squares 
of the diameters. 

4. According to calculation and experiment, when bodies are 
lengthened by traction, their volume increases. 
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The laws of elasticity of flexure, which apply to bending and return 
to original form, and the laws of torsion need not be given in detail, 
but it is reasonable to believe that they may be applied to the elastic 
fiber. 

In addition to the physical laws of elasticity, and inasmuch as the 
elastic fiber is generally believed to offer resistance to force, the rules 
of tenacity should be applicable. Tenacity is the resistance which bodies 
oppose to traction. It is directly proportional to the breaking weight 
and inversely proportional to the area of a transverse section of the 
wire. Tenacity diminishes with the duration of traction. A small force 
continuously applied will often break a wire which would not at once be 
broken by a larger weight. A C3dinder has greater tenacity than a prism. 
The quantity of matter being the same, a hollow cylinder has greater 
tenacity than a solid one. In general for all bodies, the tenacity and 
elasticity are greater in the direction of the fibers than in a transverse 
direction. For most bodies, tenacity rapidly decreases as the temperature 
is increased. 

There seems to be no valid reason for believing that elastic tissue 
does not obey these rules and laws. In this regard the wide differences 
in the texture and structural arrangement of elastic tissue may be 
emphasized. The application of these laws to the anatomic structure 
and distribution of the elastica becomes difficult because of the compli- 
cations which arise when one attempts to analyze the part played by 
other elements, especially collagen and smooth muscle, with which the 
elastica is so intimately integrated. Nevertheless, a crude survey of 
the development, the localization and the variation in form and arrairge- 
ment of elastic tissue shows how well this tissue has been designed to 
diffuse the forces of applied stresses, to allow for fluctuation in the 
shape of organs, to guard against the ill effects of excessive forces 
and to expedite the return of the deformed structure to its natural 
state. A complete dissertation on this subject could be given only after 
most extensive studies. Such studies have not been made. 

To supplement the possible application of physical laws as outlined 
one may turn to an analysis of the factors which, according to Busse, 
govern the property of high elasticity in elastic colloids. First, there 
must be groups of atoms which form somewhat flexible fibrous units. 
Most requisite to this factor are long fibers. Of these, elastic tissue 
has an abundance, for, as has been seen, the continuous networks 
exhibit no free ends, and the elastic fibers may be traced for great 
distances without interruption. This is particularly true in the vascular 
system. Secondly, the fibrous unit of the elastic colloid must have 
weak or uniform cohesive (secondary valence) forces around them. 
From the roentgen ray spectograms it has been possible to assume that 
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the elastic fiber has weak secondary valence forces. Thus, in this 
respect, also, it is designed for high elasticity. Furthermore, on moipho- 
logic grounds it may be concluded that the fibers, as a rule, are so 
related to neighboring elements that they are enabled to stretch and 
retract with minimal hindrance when such movements are necessary. 
Thirdly, the highly elastic cdlloid must be composed of a three dimen- 
sional network which is formed by chemical combinations, secondary 
valence forces or mechanical entanglements. In elastic tissue the first 
means of interlocking the fibrous units, if present, is unknown. Roent- 
gen ray analysis gives some reason for believing that there are weak 
secondary valence forces. The third means, which is of great 
importance, is exemplified by the fundamental structural arrangement 
of the continuous meshwork of elastic fibrils. Fourthly, colloids of 
great elasticity must have a means by which free energy is stored during 
the process of deformation, to be utilized in the performance of external 
work during the process of recovery to the original form or volume. 
It is theoretically plausible that the means by which the elastic fiber 
stores energy on deformation may be through a distortion of molecules, 
as evidenced by the assumption of doubly refractive qualities on stretch- 
ing, with consequent accumulation of potential energy which is 
available for doing work. What part the reducing factors of certain com- 
ponents of the elastic fibril may play is a problem which remains 
unsolved. There is no reason to believe that this chemical character- 
istic is requisite for elasticity of the fiber. From the data given it may 
be inferred, therefore, that the elastic fiber fulfils so far as is allowed 
by the limitations of the available data those requirements by which 
bodies achieve high elasticity. 

STAINING METHODS AND KEACTIONS 

It is not advisable to give detailed accounts of the various technics 
of staining. It seems more appropriate to outline the evolution of stain- 
ing methods, to evaluate their usefulness, to describe normal and patho- 
logic reactions and to present theoretic explanations for the affinity of 
elastic tissue for certain “specific” stains. Any assumptions which might 
arise concerning the functional integrity of the elastica based on 
arbitrary criteria of staining reactions should be tempered by the fact 
that optical properties are characteristic before the development of an 
affinity for specific stains. Furthermore, a survey of the staining reac- 
tions of elastica in pathologic states indicates that an abnormally intense 
or a weak reaction may not necessarily have the great significance that 
many authors have assumed. Neither are normal reactions exact criteria 
by which rfunction may be measured. 
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The physical and chemical differences between elastic tissue and 
collagenous tissue are the means by which microscopists have been 
enabled to distinguish the two types of tissue and to perfect differential 
stains. The physical structure and especially the optical properties were 
utilized by the earliest histologists in recognition of elastica. In later 
years the chemical differences became more apparent. These gave origin 
to two terms, "elastin” and “collagen.” The former was used to desig- 
nate the chief substance of elastic tissue, and the latter, of fibrous 
connective tissue. It was discovered that elastin was more acid than col- 
lagen, that collagen swelled in acid solutions while elastin did not, and 
that elastin had certain strong reducing characteristics which were 
not possessed by collagen. 

Virchow (1851) found that when tissues were treated with acetic 
acid the collagenous fibrils became swollen and thereb)'^ could be dis- 
tinguished from elastic fibrils, which were unaffected. The swelling of 
collagen in acids and the inherent acid character of elastin were the 
observations on which early staining methods were founded. These 
methods consisted in the utilization of acids, such as nitric acid 
(Taenzer) and sulfuric acid (Manchot), as well as of basic dyes, such 
as fuchsin or safranin. 

The reducing power of elastin was used in the further development 
of staining methods. It was discovered that elastic tissue when treated 
with potassium permanganate becomes dark brown and thereby is differ- 
entiated from collagen. Also, in contrast to collagen, elastin attracts and 
reduces the highly oxidized metallic acids, such as osmic acid and 
chromic acid. By this means the acidity of elastin may be increased 
so as to enhance its affinity for basic dyes. On the principle of the 
reducing power of elastin, the two most useful stains were developed. 
These are the orcein stain (Taenzei'-Unna) and the resorcin-fuchsin 
stain (Weigert). 

The theory of the Weigert stain as given by Unna (1928) is as 
follows : The acid elastin has a chemical affinity for basic fuchsin. 
Added to this is the affinity of the “reducing” elastin for an oxidizing 
agent, ferric chloride. This reaction is enhanced by treatment with 
the bivalent phenol, resorcinol, which is a strong reducing agent. The 
use of resorcinol is not essential, because fuchsin and ferric chloidde 
will stain elastin in a specific manner. Ferric chloride may be replaced 
in this reaction by other oxidizing agents, such as ammonium persulfate, 
chromic acid and potassium dichromate. The advantage in using ferric 
chloride is that the reduction of this chloride by elastin leads to the 
formation of hydrochloric acid, an acid which causes collagenous fibrils 
to swell, thereby inhibiting their affinity for the basic dye fuchsin. 

Although the Weigert stain is very satisfactory, many authors have 
given preference to the orcein stain (Taenzer-Unna) because other 
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differential stains can be used at the same time, because the detail of 
delicate fibrils is somewhat better and because the Weigert stain is use- 
less for the differentiation of elastin and elacin. Orcein is a pure acid 
dye that combines with the acid substance elastin in an oxypolar manner. 
This combination is brought about through the capacity of elastin to 
reduce orcein. The addition of nitric acid is necessary because of its 
effect on the collagen. Numerous variations of the orcein and resorcinol- 
fuchsin stains have been developed. In general, the basic principles are 
the same. No attempt will be made to describe the numerous modifi- 
cations, but certainly the Verhoeff stain is very reliable, and many 
believe that there are advantages in its use. 

Elsewhere in this review it has been shown how the normal “mature” 
staining reactions of elastic tissue gradually developed, phylogenetically 
in the animal series, ontogenetically in man and culturally in studies in 
vitro. So far as I am aware, no experimental evidence has been brought 
forward which will explain the inci'easing intensity of the so-called 
specific staining reaction. Any information in this regard should shed 
some light on the means by which elastic tissue attains certain singular 
capacities. It must be kept in mind that in some instances the colloid 
in the thyroid gland, mucin, collagen and basement membranes 
may elect the specific stains. Otherwise, for practical purposes the 
orcein and resorcinol-fuchsin stains demonstrate the normal elastic tissue 
in a satisfactory manner. 

The alterations which occur in the elastica may be distinguished 
not only by atypical reactions to the specific stains but also by various 
structural changes. It may be emphasized here that a change in the 
physical properties or in the chemical structure of the fiber does not 
necessarily imply that there is a comparable change in the uniformity 
or intensity of staining. Neither does a change in the staining reaction 
signify in all instances a parallel change in the functional ability or in 
the structural integrity of the fiber. Therein lies the weakness of many 
dogmatic interpretations of histologic appearances. 

Most authors have expressed the belief that the first stage of atrophy 
is a partial or complete loss of elective staining qualities. The first 
fibers to be involved ai'e the delicate fibrils. At the same time the 
larger fibers become separated into segments, often with alternation of 
stained and unstained parts. Following this they lose their specific 
staining qualities, diminish in thickness and eventually disappear. 
Krosing and Passarge contended that this was true because, as they 
showed, in tuberculous areas where the elastica had largely disappeared 
treatment of the tissues with potassium hydroxide enabled them to visual- 
ize elastic fibers that previously could not be distinguished. Unna 
(1896) noted that some of the fibers of senile .skin were stained weakly 
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with orcein. These had an affinity for basic aniline dyes. He used the 
term “elacin” for the changed substance of these fibers to distinguish 
it from elastin of normal fibers. Also the senile skin contained a material 
which had the structure of collagen and the staining qualities of elastin. 
He called this material “kollastin.” There also was an element which 
had the staining qualities of elacin and the structural arrangement of 
bundles of collagen. He named this “kollacin.” The significance of 
these elements is unknown. In general, modern authors have accepted 
the descriptive terms "elastin” and "elacin.” The various types of 
fibers may be found in numerous pathologic states, and due considera- 
tion will be given them elsewhere. 

The elastic fiber may give evidence of the effect of disease processes 
in many other ways. It is common for networks to become disrupted 
and to form skeins, tangles and more or less homogeneous masses. The 
fibrils may swell, either diffusely or in such a wa}'^ that the varicose 
thickenings become so spaced as to reseml^le a rosary. They may 
fracture, usually transversely, and curl at their ends. Rarely, they are 
split longitudinally. They tend to retract spirally and flex to form 
symmetric arcs. They may break up into a series of ref tactile elastic 
granules, reminiscent of the embryonic prefibrillar granule stage which 
has been described by many authors. These granules may occur in 
strands, gather in clusters or fuse to form homogeneous masses 
(Schmidt). Vacuoles which contain fat may be found in the fibrils 
(Jores, 1902). Therefore, let it suffice for the present to say that the 
elastic fiber may undergo slight or profound morphologic changes with 
or without loss of the specific staining reactions of its component parts 
and that the staining reactions may vary with or without changes of 
a morphologic nature. 

PHYSIOLOGY 

The methods which have been applied to the investigation of the 
function of elastic tissue have given results which as a rule will not 
bear close scrutiny. In the first place, authors have couched their results 
either in generalities or in terms of resistance, retraction, extensibility 
or coefficient of elasticity. In the second place, elastic tissue that was 
entirely devoid of other conflicting tissue elements has not been used 
in the experiments. As a result, confusing and contradictory findings 
have burdened the literature. 

Direct observation of the isolated elastic fiber has led to general 
acceptance (Maximow; Sobotta) of the supposition that the fiber is 
highly extensible and has inherent ability to return promptly to its 
natural size and shape. Despite the accepted belief that elastic tissue 
is of great importance because of its elastic qualities, several authors, 
especially Sternberg and MacLeod, have contended that the chief func- 
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tioii of the elastic network is one of support — a restraining structure 
designed to prevent overdistention of tissues. 

Much of the dissension has arisen because of opinions which have 
been founded on the interchangeability of staining reactions of elastic 
tissue, collagen and basement membranes. This is dependent on a 
concept of a theoretic substance, elastin. This concept, as has been 
stated, embodies the belief that fibers may be impregnated with this 
substance and that the}^ thereby assume elective staining qualities. The 
hypothetic impregnation and disimpregnation of collagenous and elastic 
fibers with hypothetic preformed materials, elastin and collagen, have 
given rise to such terms as “elastin,” “elacin,” “collastin” and “collacin.” 
The elastic properties of elacin, collacin and collastin are unknown, but 
it reasonably may be assumed that the staining reaction is not acceptable' 
as an absolute measure of their functional capacity. Basement mem- 
branes, which often stain similarly to elastic tissue, are not necessarily 
endowed by this staining property alone with the same functional 
capacit}' as elastic tissue. Nevertheless, these membranes, as well as 
collagen and reticulum, possess certain elastic qualities. How these 
compare with the elastic qualities of elastic tissue remains a question 
that has not been answered. 


Triepel contended that the elasticity coefficient when distending forces 
were used was greater for collagen than for elastic tissue. When shear- 
ing forces were applied, the elasticity coefficient for elastic tissue was 
greater than that for collagen. By no means do these findings aid one in 
a solution of problems involving the question of great extensibility 
and retractile power, for, as is well known, bone has a higher elasticity 
coefficient than either collagen or elastic tissue. 

Certain studies have been made on the elasticity of organs. An 
organ or tissue containing elastic fibers does not attribute its elasticity 
to elastic fibers alone. If an organ or tissue is so constructed as to 
allow for great deformation, a fairly prompt recovery of that organ 
to its natural size implies that most of its mobile component parts 
are capable of withstanding great deformation, subsequently returning 
to normal form. The ability of the organ to resume its natural size 
depends largely on its structural units. Abnormality of any one of the 
important units may alter the return of the organ to its natural size 
and shape by interfering with or enhancing the function of the active 
elements. The most important active elements are of muscular nature. 
Cardiac and voluntary striated muscle may be largely disregarded. 
Smooth, or involuntary, muscle, which is so widely distributed, plays a 
major role by virtue of its extensibility and its contractile power. 
Intimately associated with this tissue in so many situations is elastic 
tissue. Indeed, this association is often so pronounced that the term 
“myoelastic tissue” has been utilized to designate tbe combination. 
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Furthermore, in certain situations the elastica occupies positions where 
one might well expect smooth muscle. The integration must signify 
something more than simple support of smooth muscle by the elastica. 
In the first place, the continuous elastic network is so placed as to aid 
in the dissemination of stresses directed at isolated points. Secondly, 
the network is ably designed for coordination of rhythmic movements 
of separate units. Thirdly, it aids in the conservation of energy through 
partial maintenance of tone during i-elaxation of the muscular elements. 
Fourthly, because of its great tenacity and the continuous character 
of the membranes and networks, it serves as a bulwark against the 
possible injury of excessive forces. Fifthly, because of the relatively 
great extensibility and inherent power of prompt retractility of the 
elastic fiber, it aids materially in the return of a tissue or organ to the 
natural form after a deforming force has been removed. 

The roles of the remaining primary tissue elements, such as collagen, 
reticulum, mucin, cartilage, bone and cell structures, are indispensable. 
All must play some part in the return of distorted organs or tissues to 
natural forms, but because of basic physical properties or because of 
anatomic arrangement they become of secondary value in the general 
scheme. Among these, collagen is of greatest importance because of 
its almost constant neighborly association with elastic tissue. Thus 
the physiologic or the pathologic state of one is almost always reflected 
by functional or structural changes in the other. With this in mind and 
with the knowledge that pathologic processes usually affect both ele- 
ments simultaneously, the interpretation of changes in elasticity of 
tissues must be guarded. 

In relation to arteries it has been said that the amount of elastica 
roughly parallels physiologically the pressure within the artery (Maxi- 
mow and Bloom). Sternberg stated that the number of fibers in a 
given tissue is not an absolute index of the degree of elasticity of 
that tissue. As an example, he cited arteries of the muscular and 
of the elastic type. Although there is little difference in the elasticity of 
these two types of vessels, there is great difference in the amount of 
elastica. 

The most illuminating and careful researches dealing with the 
physiologic importance of elastic tissue have been conducted by the 
school of English physiologists. Their studies have been concerned 
chiefly with the function of the elastica of blood vessels. I have drawn 
liberally from the excellent presentation of this . work as given by 
Bramwell. 

It has been learned that arteries may be divided on the basis of 
their constituent elements into vessels of the elastic type, vessels of the 
muscular type and vessels of a transitional structure. Typical elastic 
arteries are the aorta, the subclavian artery and the carotid artery. The 
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muscular arteries may be exemplified by such vessels as the radial and 
the lingual. The axillary and the common iliac arteries may serve as 
examples of the transitional forms. It has been shown that under normal 
conditions the smaller arteries, such as the radial, are less elastic than 
the larger vessels, especially those of the “elastic” type (Bazett and 
Dreyer; Fulton and MeSwiney). It has been learned that there are 
certain diseases which affect the vascular system in such a manner as 
to reduce the elasticity of vessels. The vessels which are affected in 
these conditions and the degree of their functional impairment are 
such as to exert an important influence on the circulation of the blood. 
For this reason this subject will be given further consideration in the 
following paragraphs. 

The efficiency of arteries as judged from one point of view must 
depend principally on their elastic qualities. During the initial phase of 
ventricular systole the cardiac output is accommodated largely by dis- 
tention of the aorta. The rapid stretching of the aorta and other arteries 
allows for a storage of potential energy in the vascular wall. This 
energy is utilized during the period of retraction in promoting the 
forward movement of the blood column. Tbe greater the elasticity of 
arteries the lower will be the pressure required to produce a given 
increase in volume for the accommodation of the cardiac output. 
Since the energy expended by the ventricle in systole is proportional 
to the pressure developed, the effort of the ventricle will vary inversely 
with the extensibility of the arterial walls. Similarly, during the phase 
of arterial retraction the more elastic the arteries the smaller is the 
fall of pressure for a given decrease in their volume. In other words, 
the more elastic the arterial walls the lower is the pulse pressure and 
the more uniform the blood flow through the capillaries. The con- 
clusion may be reached that the greater the alteration in volume of 
arteries in response to a given alteration in pressure the more efficient 
is the arterial mechanism. 

Since the velocity with which the pulse wave is transmitted along 
arteries depends principally on the elasticity of the arterial walls, direct 
observations on the velocity of the pulse wave have been used as a basis 
for the calculation of the mean extensibility of vessels in absolute units 
(Bramwell and Hill). Bramwell, Hill and MeSwiney showed that in 
normal healthy persons the velocity of the pulse wave increased with 
age. They found that the elasticity of arteries was halved between 
10 and 60 years of age. Comparable results were obtained from a 
study of arteries removed from subjects post mortem.. This variation 
in arterial elasticity may be attributed principally to structural changes 
in the arterial wall even though, as has been stated previously, these 
changes are not always demonstrable by histologic study. 
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In a study of isolated human arteries it was found that at varying 
internal pressures, as the diastolic pressure was increased a dispropor- 
tionately large superimposed pressure was necessary to produce the 
same percental increase in the volume of the vessel. The tension with 
which the artery was stretched longitudinally did not affect the circular 
elasticity to any appreciable degree. The results were explained by 
the hypothesis that the arterial wall consists of a series of different 
elastic systems. At very low pressures only the most distensible of 
these are stretched. As the pressure rises, less and less distensible 
systems are called into play. At low pressures the artery exhibits a high 
degree of elasticity. At higher pressures the pulse velocities become a 
linear function of pressure since the vessel becomes relatively nonelastic. 

Wilens made a careful study of the postmortem elasticity of the 
aorta. He found that restraint of the intima often disturbed measure- 
ments of elasticity, and he eliminated this source of error by stripping 
tbe intima from the media. The results of his nieasurements show 
that postmortem elasticity is almost exclusively a function of age and 
is relatively constant in any given age group. The mobile parts of the 
aorta retain more elasticity than the fixed parts. 

There is little relationship between intimal lesions and loss of 
elasticity of the regional media. The elasticity is approximately equal in 
longitudinal and transverse directions of all segments of the aortic wall. 

It is interesting that in certain wasting diseases the elastic element 
of the arterial wall appears to lose much of its efficiency (Bramwell, 
Downing and Hill). This finding is comparable to similar results 
obtained from a study of the elasticity of the skin by Schade (1912). 
Furthermoi'e, hypoextensible and hyperextensible arteries have beeTi 
found in apparently normal subjects. Such individual variations also 
occur in the elasticity of the skin and possibly in that of the lungs of 
normal people. 

The elasticity of the lungs, which are rich in elastic tissue, is of 
great importance in respiratory mechanics. This elasticity does not 
change materially for several days after death (Bonniger, 1908). The 
great increase in the volume of lungs during inspiration takes place 
mainly through distention of alveolar ducts and to a lesser degree 
through distention of the bronchi and bronchioles rather than through 
that of alveoli (Maximow and Bloom). These parts of the lungs which 
have greatest fluctuation in size during normal respiration have the 
richest supply of elastic tissue. In a previous part of this article it 
has been stated that the full development of the pulmonary elastica is 
not attained until the lungs have been used for respiration. According 
to Cloetta, the expiratory movement is a purely elastic phenomenon, 
and the collapse of the lung in pneumothorax is due more to retraction 
of the elastica, which is under constant tension, than to closure of the 
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small bronchi. On the basis of experimental studies Cloetta concluded 
that for expansion during inspiration the lung possesses ideal elasticity. 
Bonniger found that the lungs of children were more elastic, in the 
commonly accepted sense, than those of adults. This roughly pai'allels 
the conception of the elasticity of the skin and arteries. 

The skin because of its availability has received more study, and 
an effort has been made to relate the changes in the elasticity of the 
skin to various local and systemic pathologic processes (Bonniger, 
1904-1905). An excellent discussion of methods of measuring elasticity 
is given by Reuter^Yall. The resistance of the skin to palpation has 
served as a crude index of elasticit}^ but Schade devised an instrument 
by which the relaxation time of the skin could be measured. This 
mechanical device was called an elastometer, and the application was 
known as elastometry. B}'^ this method of stud}'’ Schade found that a 
disturbance in elasticity was in general an early symptom of organic 
disease. He obtained low values in diabetic acidosis, myxedema, per- 
nicious anemia and septic fevers. In septic fevers the values were 
12 to 26 per cent below normal. It may be. interesting to speculate 
on the effect of changes in elasticity in other organs, if one assumes 
that they may parallel cutaneous changes. Such a change has been 
suggested as affording a partial explanation of the soft splenic tumor 
which often accompanies infection in the adult (Lubarsch). Schade 
(1912) found that elasticity of the skin diminished with increas- 
ing age aird was least in old persons. In edema of the skin elasticity 
was reduced even before edema was palpable. The ratio between the 
degree of edema and the loss of elasticity was not constant, but the 
average reductions varied from 20 to 50 per cent. In inflammatory 
edema the diminution in elasticity was of similar degree, and Schade 
(1912) believed that comparable losses were probably present in lungs 
affected by pneumonia. 

The effect of fatigue on the elasticity of connective tissues has been 
studied. Schade (1921) found that a sleepless night reduced the 
elasticity of the skin about 15 per cent. Katzenstein measured the 
amount of fluid which was necessary to fill knee joint capsules of 
rabbits before and after exercise of the joint. He demonstrated that 
prolonged active and passive movements of the joint were followed by 
a substantial increase in the capacity of the joint capsule. It was 
assumed that this was the result of relaxation in the fibers of the 
joint capsule. 


(To Be Concluded) 



Notes and News 


University News, Promotions, Resignations, Appointments, Deaths, 
Etc. — T. Wingate Todd, professor of anatomy in Western Reserve University 
and director of the Brush Foundation, Cleveland, died, Dec. 28, 1938, at the age 
of 53. 

A. F. Bernard Shaw has been appointed to the joint post of professor of 
pathology in the University of Durham and pathologist to the Royal Victoria 
Infirmary, Durham, England, in succession to Stuart McDonald. 

Karl Sudhoff, the medical historian, died Oct. 8, 1938, in his eighty-fifth year. 

According to the Lancet, Phillipp Schneider is the new director of the Insti- 
tute of Forensic Aledicine in Vienna. 

Ernest E. Tyzzer, professor of comparative pathology in Harvard Medical 
School, has been appointed professor of tropical medicine also, succeeding Richard 
P. Strong, retired. 

Henry Pinkerton, assistant professor of pathology at Harvard Medical School, 
has been appointed professor of pathology in St. Louis University, St. Louis. 

In the Pasteur Institute, Paris, Harry Plotz has been placed in charge of 
virus research. 

G. B. Magrath, professor emeritus of legal medicine in Harvard Medical School, 
died Dec. 10, 1938, at the age of 68 years. 

Harvard Symposium on Viruses. — The Harvard School of Public Health 
ofifers a course of lectures, clinics and demonstrations on the virus and rickettsial 
diseases, with special emphasis on their significance for public health, June 12 
to 17, 1939. Lectures on the etiolog>', epidemiology and methods of control of 
these diseases, by members of the faculties and by former students of the Harvard 
School of Public Health and of the Harvard Medical School, will occupy five 
mornings. Special clinics and demonstrations will be given each afternoon. On 
the last morning, a panel discussion will be held on the three main topics pre- 
sented in the symposium. The fee for the course will be $25. Enrolment should 
be arranged before June 1, as facilities for many of the clinics and demonstra- 
tions are limited. The lectures will be published later in a single volume, which 
will be sent to each registrant for the course. For further information, write to 
the Secretary of the Harvard School of Public Health, 55 Shattuck Street,. 
Boston, Mass. 

Society News. — The eighteenth annual meeting of the American Society of 
Clinical Pathologists will be held in St. Louis, May 12, 13 and 14, 1939. The 
Hotel DeSoto will be the official headquarters. 

The American College of Physicians will hold its twenty-third annual session 
in New Orleans, March 27 to 31, 1939. 

Celebrations. — The sixtieth birthday of Howard T. Karsner and his twenty- 
fifth year as professor of pathology in Western Reserve University were cele- 
brated Jan. 6, 1939, when a portrait of Dr. Karsner was presented to him. 
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Experimental Pathology and Pathologic Physiology 

Dermatoses Due to Vitamin A Deficiency. J. B. Youmans and j\I. B. 

CoRi.ETTE, Am. J. M. Sc. 195:644, 1938. 

A dermatosis due to deficiency of vitamin A is described, with the histologic 
studies. Some of the patients presented the diw horny papular lesion described 
by Frazier and Hu; others presented an acne-like lesion that differed in some 
respects from those previously described. The histologic picture and the response 
to treatment with vitamin A were similar in the two types of eruption. 

The relation of these changes in the skin to the other manifestations of avi- 
taminosis A is of considerable importance. Xerophthalmia and hemeralopia were 
present in most of the cases reported by Locwenthal and in many of those reported 
by Frazier and Hu. Cornification of the epithelium of the conjunctiva was 
observed by the latter in patients with less severe lesions of the eye. Nicholls’ 
patients had night blindness, fn none of the patients whom Youmans and Corlette 
studied were there changes in the epithelium of the eye, and only occasionally did 
one give a history of mild night blindness, and then the history was questionable. 
Studies with a visual photometer demonstrated in some of the subjects occasional 
mild night blindness. Blackfan and Wolbach and others showed that the mani- 
festations of a lack of vitamin A arc evident in the epithelium of many tissues 
and organs and that these changes vary in respect to the order of their appearance 
and their severity. Although the changes in the eye and in the vision have been 
thought to be the earliest reliable clinical manifestations of avitaminosis A, the 
observations of Youmans and Corlette, as well as those of Frazier and Hu, suggest 
that in some instances the cutaneous lesions may be among the first clinical evi- 
dences of the deficiency, appearing before demonstrable changes in the epithelium 
of the eye and before more than a mild night blindness, detectable only by a pho- 
tometer, is present. If so, these changes may constitute one of the earliest signs of 
vitamin A deficiency, fortunately easily recognizable. 

From Authors’ Summary. 


Renal Insufficiency from Blood Transfusion. E. L. DeGowin, E. D. 

Warner and W. L. Randall, Arch. Int. Med. 61:609, 1938. 

The transfusion of canine hemoglobin into dogs when the urine is acid results 
in death from renal insufficiency. This does not occur when the urine is alkaline 
at the time of the transfusion. The anatomic picture of obstruction of the renal 
tubules by hemoglobin pigment sufficient to be the chief cause of the renal insuffi- 
ciency is observed in most dogs under the experimental conditions outlined. A 
nephrotoxic process often operates and may cause renal insufficiency independently. 
The deposition of hemoglobin pigment as hemosiderin in the renal tubules and in 
the reticuloendothelial system apparently does not contribute to the development 
of renal insufficiency. An anatomic study of the kidneys of 9 human beings who 
died of renal insufficiency after hemolysis revealed the two independent mechanisms 
seen in dogs, the obstruction with pigment and the necrosis. In occasional human 
beings the precipitation of hemoglobin pigment in the tubules is e.xtensive and may 
be a cause of renal insufficiency. This complication could probably be prevented 
by alkalinizing the urine prior to the transfusion. In the majority of human beings 
showing renal insufficiency after hemolysis the condition is probably caused by 
some nephrotoxic substance which causes degeneration of tubular epithelium and 
interstitial edema. Authors’ Summary. 
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Changes in the Brain in Plexectomized Dogs, with Comments on the 
Cerebrospinal Fluid. G. B. Hassin, E. Oldberg and M. Tinsley, Arch. 
Neurol. & Psychiat. 38:1225, 1937. 


The authors tried to determine the effect of removal of the choroid plexus on 
the size of the cerebral ventricles and the changes that take place in the brain in 
such experiments. In some animals the sylvian aqueduct was blocked without 
removal of the choroid plexus; in others the choroid plexus was either removed 
from one lateral ventricle or left in the latter after closure of the ipsilateral 
foramen of Monro with a piece of fascia and muscle; in another group both 
choroid plexuses were removed after blocking both the foramina of Monro. 
Plexectomized brains invariably exhibited connective tissue scar formation, degen- 
erative, reactive and inflammatorj'- phenomena, ependymitis and subependymitis, 
which may affect the size of the ventricles. It was not possible to remove the 
choroid plexuses in toto, for small fragments of them could be demonstrated under 
the microscope. The results of plexectomy were by no means uniform, as in some 
cases a plexectomized ventricle with the foramen of Monro blocked appeared to 
be of the same size as the opposite ventricle or smaller or even larger. Like 
pathologic observations on hydrocephalus in man, those following experimental 
plexectomy force one to the conclusion that the cerebrospinal fluid accumulates 
in the ventricles but is derived not from the choroid plexus but from the tissue 
fluids of the brain, w'hich are drained by the ventricles and subarachnoid space. 
It is not an organ of secretion but of excretion, eliminating from the spinal fluid 
substances which are harmful to the nervous system and which render the fluid 


more absorbable. 


George B. Hassin. 


Bleeding Tendency and Prothrombin Deficiency. H. P. Smith and others, 
J. Exper. Med. 67:911, 1938. 

In dogs with biliary fistula the plasma prothrombin falls eventually to low 
levels, and bleeding commonly occurs. An important causative factor in this fall 
is the faulty absorption of vitamin K from the intestine in these animals. Feeding 
bile permits absorption of the traces of this vitamin normally present in mixed 
diets, and, as a result, a slow rise in prothrombin is observed. If a standard diet 
is supplemented with large amounts of vitamin K concentrate, the rise is rapid, 
provided bile or bile salt is supplied to aid in the absorption. Variations in the 
rate of depletion of prothrornbin in dogs which have biliary fistula and which are 
kept on a constant diet indicate the existence of additional factors which require 
further study. The experience of Smith and his co-workers indicates that vita- 
min A and vitamin D supplements do not correct the prothrombin deficiency in 
animals with biliary fistula. Authors’ Summary. 

Peripheral Blood Phenomena and Differential Response of Bone Marrow 
AND Lymph Nodes to Hyperpyrexia. C. A. Doan, Radiology 30:382, 1938. 

The hemopoietic response to “fever" is rather constant, and the majority of 
the cells making up the postfebrile leukocytosis are poljmiorphonuclear neutrophils, 
newly delivered by the bone marrow, as shown by their youth. This part of the 
reaction may be nonspecific and is by no means necessarily the most important 
from the standpoint of the fundamental defenses of the body. There is destruction 
of lymphocytes during hyperpyrexia, as attested by the studies of lymph nodes 
cited and by the return of very young cells to the circulation after prolonged 
lymphopenia. There is probably in the human patient some destruction or redis- 
tribution of monocytes, as is shown by the delayed monocytosis, made up primarily 
of younger forms. The hemograms made after inoculations of malarial parasites 
and of typhoid vaccine differ from those observed during fever induced by physical 
methods in the marked leukopenia during the chill, in the temporary disappearance 
of the monocytes from the circulation following tj^phoid and in the marked stirnu- 
lation of the monocytes in malaria and their moderate stimulation following 
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inoculation of typhoid vaccine. The shift to the left in the neutrophilic granulo- 
cytes in malaria is outstanding, and the appearance of clasmatocytes in the 
peripheral blood has been observed with no other type of experimental fever. It 
has been suggested by Breutsch that the profound stimulation of phagocj'tic clas- 
matocytes observed in malaria as the result of the destruction of red blood cells 
by plasmodia provides an important cellular defense weapon in the treatment of 
syphilis of the central nervous system, which is not available when other fever- 
producing methods are employed. Cunningham has emphasized the importance 
of clasmatocytes in the control of experimental syphilis in rabbits. While it is 
true that biopsies of the sternal marrow in the human patient cited, and the bone 
marrow of rabbits studied post mortem following hj^perthermic fever therapy did 
not show an increase in clasmatocytes, there was a tremendous increase in these 
phagocytic cells elsewhere in the tissues, more especially in the lymph nodes, 
spleen and liver. To that extent, at least, hyperthermia, produced by physical 
means, not only provides the thermal factor of importance for the inactivation of 
Spirochaeta pallida and the gonococcus but, as now demonstrated, exerts a pro- 
found effect on the cellular equilibriums of the body — in the directions which, it 
is believed by the author, are the most effective in mobilizing the defense forces 
of the body against these organisms. In short, hyperpyrexia acts as a two-edged 
sword cutting both ways in its role as “assistant extraordinary” to the humoral 
defense mechanisms of the body. From Author’s Summary. 


The Early Lesions of Experimental Endocarditis. Dietrich, Virchows 
Arch.'f. path. Anat. 299:285, 1937. 


On the theory that sensitization causes an increase in the reactivity and resorp- 
tivity of all the tissues, rabbits were sensitized by repeated injections of horse 
serum, caseosan (a product which is essentially a 5 per cent solution of casein), 
colon bacillus vaccine and histamine. After sensitization suspensions of living 
colon bacilli or of staphjdococci were injected intravenously; these injections were 
repeated in the course of four to five days. At intervals of seven to seventeen 
days later the animals were killed and the cardiac valves examined microscopi- 
cally. The earliest changes noted were swelling of the endothelium and varying 
degrees of edema of the subendothelial tissue, together with moderate cellular 
proliferation of this layer. Bacteria in small numbers were found in the endo- 
thelium and in phagocytic histiocytes of the subendothelial tissue. A thin layer of 
fibrin was often deposited on the surface of the endothelium; bacteria were 
deposited in this fibrin layer and multiplied in it. Horse serum and caseosan 
evoked a more marked reaction than the other sensitizing substances used. When 
living colon bacilli were used for the provocative injection, the slight, early 
changes described resulted. Living staphylococci led to acute ulcerative endo- 


carditis. 


O. T. Schultz. 


Narcosis and Hyperergic Inflammation. W. Eickhoff, Virchows Arch. f. 
path. Anat. 299:300, 1937. 

To determine whether narcosis, which prevents the onset of anaphylactic shock 
in sensitized animals, also affects the hyperergic vascular inflammatory reaction, 
rabbits and guinea pigs were sensitized with swine serum. Under deep and pro- 
longed narcosis the animals received one or more large intravenous or intracardiac 
provocative doses of the antigen. The prevention of immediate symptoms of 
shock was found to depend on the depth and duration of the narcosis. Rabbits 
anesthetized by the inhalation of ether escaped immediate shock but lived at the 
most ten hours. The lungs of such animals were deeply congested and revealed 
early pneumonic changes, ascribed to the cooling and irritant action of the 
anesthetic. Animals narcotized by the intravenous injection of ethyl carbamate 
(urethane) did not show anaphylactic shock; they recovered from the narcosis 
and appeared well. Such animals were killed at intervals of eight, fourteen and 
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twenty-one daj^s after injection of the provocative dose of the antigen. Animals 
that lived fourteen days or longer revealed the perivascular histiocytic and leuko- 
cytic inflammatory reaction, similar to that of periarteritis nodosa, considered to 
be the characteristic hyperergic effect on the vessels. Ethyl carbamate narcosis 
delayed but did not completely prevent hyperergic inflammatory reaction. Vascular 
reaction was most marked in the heart, liver and kidneys. Changes in the hydrogen 
ion concentration of the blood and in the vascular regulatory mechanism of the 
autonomic nervous system are believed to be factors in the effects of narcosis. 

O. T. Schultz. 


Pathologic Anatomy 

Abnormal Distribution of the Superficial Muscle Bundles in the Human 
Heart. J. S. Robb and R. C. Robb, Am. Heart J. 15:597, 1938. 

Fifty human hearts have been dissected to demonstrate the ventricular muscle 
bands. The superficial and deep sinospiral and bulbospiral muscles were present 
in all hearts. The authors know of no report in which these muscles were stated 
to be absent. The surface pattern of these muscles is variable, especially at the 
lower part of the anterior surface of the right ventricle, in the right ventricle 
near the conus, along the trabeculated area and at the anterior horn of the left 
ventricle. The angle at which the superficial sinospiral muscle fibers pass from 
the anterior horn to the right base varies considerably. In the small heart the 
fibers have an oblique course, tending to approach a vertical course from apex to 
base. In the hypertrophied heart these fibers have an almost horizoittal course. 
The masses vary considerably. The right portion of the deep sinospiral muscle 
is differentially hypertrophied in mitral disease or in any other disease charac- 
terized by increased resistance to the flow of the pulmonary blood. The deep 
bulbospiral muscle is similarly hypertrophied in h 5 "pertension and aortic stenosis. 
If the work of the heart is much increased, the left portion of the deep sinospiral 
muscle may also hypertrophy. 

The surface portions of the two superficial muscles do not have a measurable 
variation in thickness. When intraventricular pressure is increased, the papillary 
poi'tions of these superficial muscles hypertrophy. Conversely, in a heart in which 
the mitral valve has a “buttonhole” opening and calcified leaves the papillarj'^ por- 
tions of these muscles atrophy. If the surface muscles are variable in distribution, 
or if they are deficient, apparent discrepancies may occur when one is localizing 
points of initial negativity, the origin of premature beats and other phenomena. 
For surface localization of electrical phenomena accurate sketches of the surface 
distribution of the cleaned muscle should be provided. 

From Authors’ Summary. 

The Bone and Cartilage Lesions of Protracted Moderate Scurvy. A. W. 
Ham and H. C. Elliott, Am. J. Path. 14:323, 1938. 

Protracted moderate scurvy was produced in young guinea pigs by feeding 
them diets containing less than adequate amounts of vitamin C. It was shown 
that longitudinal growth of bone continued under this regimen only because most 
of the limited amount of new tissue which formed was in the peripheral part of 
the epiphysial plate and in the ring of the diaphysis adjacent to the periphery of 
the plate. This resulted in weakness of the shaft in this location and nonsupport 
of the epiphysial plate. The chief manifestation of scurvy in the epiphysis was 
found to be a diminution in the amount of the bone supporting the articular 
cartilage. It w'as pointed out that in the adult whose growth is over the effects 
of scurv^r would become apparent in sites where continual replacement of tissue 
occurs to compensate for wear and tear. It was suggested that certain features 
of osteoarthritis (the poorly maintained articular cartilages, the generalized 
diminution of the amount of bone in the skeleton and the osteophytes) would be 
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not unlikely effects of a long-continued moderate deficiency of vitamin _C in the 
adult. Lastly the tlieory which postulates that vitamin C controls the jelling of 
intercellular substances was discussed in the light of others’ findings and those of 
the authors, and no support was found for this theory. 

From Authors’ Su:mm.\ry. 

Nature of the “Silver Cells’’ in Multiple Sclerosis and Other Diseases. 
N. But\CKMAN and T. J. Putnam, Arch. Neurol. & Psychiat. 39:54, 1938. 

“Silver cells” were described by Steiner, in observations on multiple sclerosis, 
as small round bodies the size of a lymphocyte. They invariably contained 
argentophilic small granules of precipitated silver, which Steiner assumed to be 
phagocj^tosed spirochetes. Blackman and Putnam found these cells in lesions of 
the blood vessels of the brain (arteriosclerosis, trauma and hemorrhage) in which 
the possibility of local phagocytosis of micro-organisms could be excluded. By 
using additional staining methods on adjacent frozen sections from the same block 
the authors deduced that the silver cells are of glial origin, that the particles are 
not necessarily spirochetes and that they are probably of hematogenous origin 
(calcium, iron). George B. Hassin. 

Tissue Spaces of the Kidney. F. Fuchs and H. Popper, Virchows Arch. f. 
path. Anat. 299:203, 1937. 

The demonstration of tissue spaces between the capillaries and the parenchjmia 
of certain organs has introduced the concept of serous inflammation, in which 
serum escapes into the pericapillary space and may lead to disruption of the 
capillary, on the one hand, and of the parenchyma, on the other. Such a process 
in the liver has been termed serous hepatitis and has been described in an article 
previously abstracted. The present authors concerned themselves with the demon- 
stration of tissue spaces in the normal kidney. The rabbit’s kidney and the human 
kidney, obtained at necropsy, ivere used. India ink diluted with physiologic solu- 
tion of sodium chloride (1:4) \vas injected into the pelvis under moderate pres- 
sure by means of a cannula in the ureter. The injected fluid entered the perivenous 
spaces of the pelvis and passed distally through the parenchjmra of the organ. 
This procedure was sometimes combined with injection of colored gelatin into 
the arteries. A space filled with the ink surrounds the capillary and separates 
the latter from the tubule. 0 .p 

Interrelationship Between the Liver and the Brain. V. Nicolajev, Vir- 
chows Arch. f. path. Anat. 299:309, 1937. 

The association of changes in the brain and liver in Wilson’s disease led to 
a histologic study of alterations in the brain and liver in various diseases of the 
latter organ in man and in animals subjected to a variety of hepatic poisons. 
The results of this study were recently published in Lettish. The present article 
is an eight page summary of the previously published observations. Degenera- 
tion and disintegration of the hepatic parenchyma lead to the formation of “hepa- 
togenic toxins” that have a deleterious effect on the ’brain, resulting in functional 
insufficiency of the glia and in degenerative changes, or a status spongiosus, of the 
glia. The degenerative changes are the result of alterations in the circulation. 
Such an effect on the brain results from a variety of pathologic processes in the 
liver. ^ The changes in the central nervous system in Wilson’s disease are charac- 
teristic, since they develop on the basis of a congenital anomaly of metabolism. 
Icterus is not a pathogenic factor in the cerebral changes observed. 

O. T. Schultz. 
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Fibrinoid Degeneration of Connective Tissue Following a Single Injec- 
tion OF Protein. U. Graff, Virchows Arch. f. path. Anat. 299:339, 1937. 

Graff criticizes the tendencj' so evident in the current literature to term 
hyperergic the inflammatory reaction observed in a constantlj^ increasing variety 
and number of human diseases on the basis of similarity of alterations produced 
in the specifically sensitized animal. He attempts to show experimentally that 
similar changes and especially the fibrinoid degeneration of connective tissue that 
many hold to be characteristic of hj'perergic inflammation can be produced by a 
single injection of foreign protein and therefore are not evidence of hyperergic 
reaction. Rabbits and cats were used, but chieflj' rabbits, in the relatively small 
series of experiments reported. Admitting that a change in the reactivity of the 
vessels is necessary, the ear of the rabbit was warmed in water at 40 C. before 
injection of the protein, or the latter was preceded by an injection of allylfor- 
minate, which renders the vessels more permeable. The animals were killed at 
intervals of from two hours to fourteen days after the injection of protein, and 
the tissues were examined histologically. The protein chiefly used was swine 
serum. Graff describes fibrinoid degeneration and cellular infiltration that he 
claims are similar to those seen in hyperergic inflammation. He concludes that 
his results establish the correctness of his thesis that not every so-called hyper- 
ergic inflammation is the result , of sensitization. Graff's communication is fol- 
lowed by a note by Roessle (p. 359), who had the opportunity of examining 
Graff’s preparations. Roessle severelj' criticizes Graff’s observations and inter- 
pretations. He denies that there is identity or even great similaritj' between the 
changes produced by Graff and those which competent pathologists consider char- 
acteristic of experimental hyperergic inflammation. What Graff terms fibrinoid 
degeneration is not such. Unusually large amounts of swine serum were injected. 
This may have had a primary toxic action, or the slow degradation of the serum 
may actually have sensitized the animals. In Graff’s experiments from three to 
seven days were required for the development of the changes described. This, 
according to Roessle, is in striking contrast to the rapidity with which allergic 
hyperergic inflammation develops in the experimental animal. 

O. T. Schultz. 

Participation of the Lymphatics in Pathologic Alterations of the Spleen. 

E. Jaeger, Virchows Arch. f. path. Anat. 299:552, 1937. 

In conditions leading to stasis in the portal system the quantity of Ij'mph 
drained from the spleen is increased over the normal. The hilar lymph nodes 
of the spleen enlarge and take on a reddish brown color, which has led to the 
belief that they become transformed into hemolymph nodes and take over part 
of the function of the spleen. Although it is difficult or impossible to demon- 
strate deep lymphatic channels in the spleen by injection methods, dilated 
endothelial-lined spaces are evident in the periadventitial tissue of the arteries in 
conditions of stasis. By means of serial section reconstructions Jaeger was able 
to show that these spaces are part of a network of lymphatic vessels which begin 
in the malpighian bodies and run in the periarterial tissues to the hilus of the 
spleen. In venous stasis of the spleen erythrocytes are forced into the lymphatic 
channels. In the malpighian bodies the deposition of iron pigment leads to the 
formation of the Gandy-Gamna iron and calcium incrustation bodies. Deposition 
of the pigment in the hilar nodes transforms these into pseudohemolymph nodes. 
Periarterial fibrosis of the spleen results from inflammatory reaction on the part 
of the Ijmiph vessels; it is a chronic perilymphangitis. q Schultz. 

Hypertonic Apoplectic Cerebral Hemorrhage. K. Wolff, Virchows Arch, 
f. path. Anat. 299:573, 1937. 

Following apoplectic cerebral hemorrhage in persons with a prolonged ante- 
cedent historj' of hypertension, a varietj' of alterations are observed in the arteries 
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in and about the hemorrhage. These include; angionecrosis, which accompanies 
and does not antedate the hemorrhage ; a process which the author terms plas- 
matic destruction of the vessel wall, which precedes the hemoi rhage and is asso- 
ciated with older changes in the brain tissue; arteriosclerotic changes that are 
likewise older than the terminal hemorrhage, and aneurysm subsequent to plas- 
matic destruction of the wall. Rupture of the diseased vessels leads to massive 
hemorrhage. 

In persons without a prolonged antecedent history of hypertension the hemor- 
rhage originates from many smaller, apparently normal vessels, which leads the 
author to conclude that functional circulatory disturbances of unknown nature 
initiate the hemorrhage. The latter is accompanied by angionecrosis of surround- 
ing vessels. These then give way, and the compact massive hemorrhage results. 
No other alterations have been observed in the vessels. q 'j'_ Schultz. 

Cytoplasmic Inclusion Bodies of the Human Liver. A. Terbruggen, Vir- 
chows Arch. f. path. Anat. 299:775, 1937. 

Terbruggen describes cytoplasmic inclusion bodies that he saw in 36 livers in 
1930-1931. They were small and stained readily, and each was situated in a 
small vacuole. Their nature is not known. Their similarity to degeneration 
products, extruded nucleoli, virus inclusion bodies and protozoa is discussed. The 
inclusions are apparently identical with those described by Pappenheimer and 
Hawthorne (Am. J. Path. 12:625, 1936). O. T. Schultz. 

Virchow’s Lectures on Pathology at Wurzburg. R. Rossle, Virchows 
Arch. f. path. Anat. 300:4, 1937. 

The three-hundredth volume of Virchows Archh fiir pathoJogischc Anatomic 
mid Physiologic mid fiir klinische Mcdisiit, to give it the full title that Virchow 
selected to indicate the full scope of the new journal, has a brief foreword by 
Rossle, Virchow’s successor as professor of pathology at Berlin and as editor of 
the journal. Begun in 1847 by Virchow and published uninterruptedly ever 
since, Virchozvs Archiv is the oldest journal devoted to medical science. Rossle 
points out that the only scientific journals older that are still being published 
are the French Annals of Physics (1789), the oldest scientific periodical in the 
world, the German Annals of Physics (1799) and Liebig’s Annals of Chemistry 
(1834). The entire double number of volume 300, comprising 516 pages, is 
devoted to 27 articles based on work done in Rossle’s institute in Berlin, the post 
which Virchow had made the outstanding medical position in the world. In 
addition to numerous halftone illustrations, the volume contains several repro- 
ductions of colored drawings reproduced directly on the printed page, a process 
developed more highly in German publications than in any others. 

After his introductory foreword, Rossle proceeds with a contribution of his- 
torical interest. It relates to Virchow’s period at Wurzburg, from 1849 to 1856, 
when he, a young man of 28 years at the beginning of this period, began attract- 
ing students to Wurzburg from all parts of Germany. The article is based on 
recently discovered manuscript lecture notes of students of Virchow at Wurzburg 
and contains numerous excerps from these notes. Among the students whose 
notes have come to light and are quoted are Goll and Wilhelm His the elder. 
The lectures dealt chiefly with general pathologic anatomy, but there are notes 
of courses in special pathology, especially that of bone. Virchow had already 
begun to lecture to his students on cellular pathology, a subject which was later 
elaborated into his famous lectures on cellular pathology at Berlin. Complete 
publication of the student material that Rossle discusses is promised. 

O. T. Schultz. 



374 


ARCHIVES OF PATHOLOGY 


Origin and Fate of Lymphatics in Parabiotic Animals. R. Rossle, Vir- 
chows Arch f. path. Anat. 300:31, 1937. 

In material derived from successful experiments in parabiosis on rats and 
mice, Rossle describes the formation of b'mph vessels and adds an important 
contribution on the still unsettled matter’ of the origin of such vessels. At the 
line of junction of the two animals the formation of new lymphatics by budding 
from the original channels can be observed, but this is a process of minor impor- 
tance. What more particularly concerns Rossle is the development of new 
lymphatics independently of preexisting vessels. Near the line of junction of 
the parabions, solid cords and masses of small cells with deeply stained nuclei 
make their appearance between the bundles of fibrous tissue. Whether these 
cells come from the nuclei of connective tissue or from wandering cells, Rossle 
is unable to decide. A lumen develops, and the cells become larger and cuboid, 
resulting in structures almost glandular in character. These new-formed lym- 
phatics do not come from preexisting ones, and no connection with the l 3 miphatic 
system of either animal of the united pair ever develops. In animals that live 
long enough coagulation, thrombosis and organization of tlie contents of the 
lymphatics occur, and the vessels become obliterated. This closed Ij’-mphatic 
S 3 '’stem usually develops in the cutis and subcutaneous tissue of the larger and 
stronger parabion near the line of junction. Rossle terms this system a Saug- 
apparat, or suction apparatus. It withdraws materials from the other parabion, 
materials which are foreign to the other partner, which stimulate the formation 
of the lymphatics and lead to the development of immunit 3 ", after which the 
new-formed closed lymphatics disappear. What Rossle finds more difficult to 
explain is the development of a closed lymphatic system in each parabion. He 
suggests that this may be due to alternating periods of dominance of one over 
the other. q_ 'J'_ Schultz. 


Microbiology and Parasitology 

The Submaxillary Gland Virus of the Guinea Pig. F. S. Markham, Am. 

J. Path. 14:311, 1938. 

Spontaneous infection with virus from the submaxillary glands of guinea pigs 
is described. The incidence in various local stocks of guinea pigs was found to 
be from 7 to 74 per cent. Inclusions were found in the renal epithelial cells of 
8 per cent of the adult animals examined. Histologic evidence is presented which 
suggests that, the inclusion bodies associated with the virus of the salivary gland 
of the guinea pig are composed of elementary bodies similar to those known to 
occur in certain other virus diseases. The infectivit 3 '^ of the virus is greater for 
the fetus than for the postnatal guinea pig. Natural passive immunization in utero 
or per colostrum is inadequate to protect fetuses or suckling guinea pigs against 
experimental infection. In spontaneously infected adults the quality or duration 
of active immunity may depend on the presence of active lesions. An analog3' 
between the distribution of the inclusion bodies sometimes found in stillborn and 
premature human infants and the distribution of such bodies in experimentally 
infected guinea pig fetuses is pointed out. Author’s Summary. 

Effect of Formaldehyde on Pneumococci. R. J. Dubos, J. Exper. Med. 67: 

389, 1938. 

When used in low concentration, formaldelwde increases the rate of autolytic 
disintegration of pneumococci, whereas in high concentration it completeb’' inhibits 
autolysis and preserves both the morphologic and the staining characteristics of 
the cells. Pneumococci treated with formaldeh 3 'de in high concentration, then 
washed free from the antiseptic and resuspended in ph 3 ^siologic solution of sodium 
chloride rapidh' undergo a change which renders them gram-negative and smaller. 
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The lysis is only partial, however, and is not accompanied by disintegration of 
the cell. It is caused by the autolytic enzyme of the cell, which remains inactive 
in the presence of an excess of formaldehyde but recovers its activity when the 
cells are resuspended in a neutral medium after removal of the antiseptic. If the 
autolytic enzyme is irreversibly inactivated by heating, or if it is maintained 
inactive in an acid or an alkaline reaction, the formaldehydized cells retain their 
staining characteristics and morphologic integrity, hormaldehydized pneumo- 
cocci which have become gram-negative owing to the action of their autolytic 
enzyme fail to elicit antibodies for the type-specific carbohydrate when injected 
into rabbits. Formaldehydized pneumococci in which the autolytic enzyme has 
been destroyed or maintained inactive and which have retained their gram-positive 
character function as a very effective type-specific antigen in the rabbit. These 
observations emphasize once more the close relation between, the gram-positive 
structure of pneumococci and the capsular polysaccharide antigen of the cell. 
They can be used as a basis for the preparation of suspensions of formaldehydized 
pneumococci which will be stable and effective as type-specific antigens. 

From Author’s Summ.-\uy. 


Inhibitory Subst.xncc tor Influenza Organisms. E. Krumwicdi: and A. G. 

Kuttner, J. Exper. Med. 67:429, 1938. 

Five per cent sheep blood agar is a selective medium for beta hemolytic strep- 
tococci in throat cultures since sheep blood inhibits the growtli of bacillus X 
(Haemophilus haemolyticus) and Bacillus parainfluenzae haemolyticus. The 
growth of Haemophilus influenzae is also inhibited by sheep blood. This inhibitory 
action resides in the erythrocytes and is thermolabile. The inhibitor is not affected 
by disruption of the erythrocytes in baking. A similar inhibitory action on the 
growth of hemolytic and nonhemolytic members of the influenza group is noted 
with blood from animals closely related to the sheep, such as the goat and the 
cow: human blood contains a similar but less powerful inhibitor. Alembcrs of 
the influenza group grow well on unheated rodent blood : rabbit, guinea pig and 
rat. These organisms also grow fairly well on unheated horse blood. 

From Authors’ SujtMARV. 


Effects of Acidity on Pneumococcus Growth. W. H. Kelley, T. Exper. 

Med. 67:667, 1938. 

In the presence of animal fluids or their protein constituents, type I pneumo- 
cocci survived and multiplied at acid hydrogen ion concentrations which in the 
plain broth were bactericidal for these organisms. Alinimal numbers of these 
cells readily produced growth in serum broth when the broth was adjusted at a 
hydrogen ion concentration as great as pn S.S with hydrochloric acid or to pu 6.5 
with acetic acid. Growth of the pneumococci could be demonstrated in serum 
broth adjusted to pn 5 with hydrochloric acid or to pn 5.5 with acetic acid, 
although at these hydrogen ion concentrations large amounts of inoculum were 
necessary. Similar results were obtained with broth to which certain animal 
proteins had been added and in serum broth which had been heated in the auto- 
clave at 20 pounds’ (9 Kg.) pressure for twenty minutes. Pneumococcus growth 
proceeded at a more rapid rate in serum-dextrose broth at pn 6.5 than in dextrose 
broth at the optimal hydrogen ion concentration of pn 7.8. At pn 6 large numbers 
of pneumococci failed to produce the same amount of growth in serum-dextrose 
broth as at pn 6.5 or in dextrose broth as at pn 7.8. It is of interest that in cul- 
tures in serum-dextrose broth the stationary and decline phases of pneumococcus 
growth were prolonged, and cell death delayed, in comparison with cultures in 
dextrose broth alone. „ 

From .A.uthor’s Sumiviary. 
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Satellite Hejiolytic Zones in Blood Agar Staphylococcus Cultures. G. B. 
Rhodes, J. Infect. Dis. 62:124, 1938. 

From certain strains of growing hemolytic Staphylococcus aureus a substance 
is diffused which produces discrete hemolytic zones in blood agar plates. These 
occur only when unheated serum is in the medium and are unrelated to the com- 
plement content of such serum. The occurrence , and the number and size of the 
zones vary with the serum and erythrocytes of different animals. 

From Author’s Summary. 

Experimental Investigations in Hemorrhagic Encephalitis. A. B. Baker 
and C. W. Buggs, J. Infect. Dis. 62:293, 1938. 

Fresh brain tissue obtained from a person who died of hemorrhagic encephalitis 
and injected intracerebrally into experimental animals proved very infectious to 
rabbits. Guinea pigs and white mice did not react to it. The active agent was 
passed serially through sixteen sets of animals before it was lost. All the animals 
presented the characteristic symptoms of an involvement of the central nervous 
system; hyperirritability, muscular twitchings, motor weakness, convulsions and 
moderate salivation. The active agent lost its potency when stored in 50 per cent 
glycerol at 0 C. for one month. Attempts to pass it through a filter proved 
unsuccessful. One instance is noted in which it proved infectious via subcuta- 
neous inoculation. The brains of the inoculated rabbits revealed changes quite 
similar to those found in man in hemorrhagic encephalitis. 

From Authors’ Summary. 

Observations on Living Vaccinia and Ectromelia Viruses by High Power 
Microscopy. F. Himmelweit, Brit. J. Exper. Path. 19:lC)8, 1938. 

A method is described by which the living chorioallantoic membrane may be 
examined microscopically by annular oblique incident illumination while it is still 
in situ in the egg, with its vascular and other anatomic connections still undis- 
turbed. The method has been applied to the study of virus bodies within the 
living cells of the chorioallantoic membrane of the duck egg infected with ectro- 
melia and vaccinia viruses. Observations on the nature of the ectromelia inclu- 
sion body are reported, and the formation of extracellular giant aggregates is 
described. The presence and distribution of vaccinal elementar}'^ bodies within 
the living cell have been observed from early stages of cell infection. The 
elementary bodies as they exist in the cell are contained within a matrix of low 
viscosity, and their partial release in “extrusion bodies” is described. It is con- 
cluded that the vaccinal elementary body represents the only virus structure 
which can be recognized in the living cell and that the Guarnieri bodies seen 
in stained preparations correspond simply to localized irregular collections of 
elementary bodies and do not necessarily represent all the virus in tire cell. 

Froi^i Author’s Sumsiary. 

Tuberculosis in American Schools and Colleges. E. R. Long, Tubercle 19: 
241, 1938. 

Studies continued over a decade indicate that the proportion of elementary 
and high school children positive to the tuberculin test is steadily falling. In 
the less crowded communities the drop is more striking than in large, congested, 
cities. The incidence of the positive result is generally significantly lower in rural 
communities than in urban areas, and differences within the same community are 
always found corresponding to differences in economic level. Important tuber- 
culous disease is first encountered to an appreciable extent in high school students, 
in whom the combined incidence of latent and manifest disease varies from 1.5 to 
nearly 3 per cent, being higher in girls. Important disease demanding care 
occurs in from 0.5 to 1 per cent of these children. Active programs for the 
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early detection and control of tuberculosis in schools now operate throughout 
the country. The basic principles of these programs are mass tuberculin testing, 
roentgen examination of the positive reactors and provision of suitable care for 
those found to have lesions. In the colleges about 6 students per thousand have 
tuberculosis of the adult type. A marked variation occurs geographically, stu- 
dents from the great central portion of the country, having a relatively low 

incidence of the disease. Tuberculosis is recognized as the most serious disease 

of the college period yet as insidious in onset, requiring routine mass measures 
for its detection. Most of the lesions now discovered arc in the minimal stage. 
Students of medicine and nursing are known to be subject to a special hazard. 

The danger for medical students seems greatest during the third and fourth, or 

clinical, years, suggesting that tuberculosis acquired in the medical school is 
usually exogenous. Most nurses who arc negative to tuberculin on beginning 
training become reactors during their course. The incidence of clinical tuber- 
culosis is also proportionately high in nurses as compared with other professional 
or working groups at the same age, both during the period of training and in 
the first 3 ^ears after qualification. 

Polymorphism of Rickettsias of Trachoma. A Cuhnod and R. Nataf, Arch. 

Inst. Pasteur de Tunis 27:1, 1938. 

Rickettsias of trachoma vary from extremely minute forms to cells as large 
as from 1 to 3 microns. The larger forms are visible in unstained trachomatous 
material under the high-dry objective. They are highly refractile and appear 
like brilliant luminous pearls which may be spheroid, ellipsoid or rarely rhomboid. 
They occur in groups of from 12 to IS, encircling the nuclei of epithelial cells. 
Extracellularly they are chiefly in pairs resembling dumbbells or thick rods. 
These rickettsias stain reddish purple by the Giemsa method but do not stain 
with ordinary aniline dyes. These forms are found also in inoculated lice, 
guinea pigs and rabbits. j_ Qunnison. 


Experimental Studies of Herpes Virus in White Mice. E. Gildemeister 
and I. Ahlfeld, Zentralbl. f. Bakt. (Abt. 1) 139:325, 1937. 

Gildemeister and Ahlfeld were unable to infect white mice orally or monkeys 
cutaneously with herpes virus (strain Basel III). Normal rabbit serum con- 
tained no protective antibodies against cutaneous infection of white mice with 
herpes virus. Active immunization of rabbits with this virus, however, led to 
development of neutralizing antibodies. The serum of many persons also con- 
tained protective antibodies against herpes virus, not only that from persons who 
had often suffered from herpes but also that from persons who had not had 
herpes. White mice could be immunized passively with rabbit antiherpes serum, 
but the immunity lasted only a few days. Such serum also had therapeutic value 
in mice suffering from herpes. The immunity of white mice following herpetic 
infection was of short duration. ^ Cannon. 

Bacillus A^’aginalis of Doderlein as a Cause of Endocarditis. Fred Mar- 
sciiALL, Zentralbl. f. Bakt. (Abt. 1) 141:153, 1938. 

A case of ulcerative endocarditis in a woman 21 years of age is described, 
in which a pure culture of acidophilic bacilli was obtained from the blood before 
death and, another from the mitral valve after death. This micro-organism was 
identified by cultural and serologic tests as Bacillus vaginalis of Doderlein. It 
is considered by the author to have been the cause of the endocarditis because 
of the finding of the organism in a blood culture before death, the isolation of 
the organism in pure culture from several organs after death, the presence of 
agglutinins to the organism in the blood serum and the demonstration of the 
bacilli in the endocarditic lesions. _ 

Paul R. Cannon. 
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Immunology 

Intracutaneous Reactions Against Antiserum in Tuberculosis. H. J. 

CoRPER and C. B. Vidal, Am. Rev. Tuberc. 37:239, 1938. 

Although it is conceded on the basis of prior experiments that there is a specific 
immunity to tuberculosis, demonstrable both in man and animals, it is found 
impossible to demonstrate the presence of such immunity by means of intracu- 
taneous tests with specific antiserums. All attempts to produce an antiserum that 
would react specifically on intracutaneous injection into animals of the same species 
(in order to exclude foreign serum reactions) proved futile. Antiserums were 
prepared in guinea pigs, rabbits and dogs and were injected into animals infected 
with virulent and avirulent human tubercle bacilli. In human subjects, both normal 
and tuberculous, with negative and positive reactions to tuberculin (purified pro- 
tein derivative), no specific reactions were obtained to antiserum. Scrum from 
normal and from immunized goats produced intracutaneous reactions in normal 
and tuberculous human subjects. These reactions developed after from three days 
to two weeks and persisted for from several days to a week ; they were of variable 
intensity. H. J. Corper. 

Immunizing Substances in Pneumococci. L. D. Felton and G. Kauffmann, 

Bull. Johns Hopkins Hosp. 62:430, 1938. 

The results of this study indicate that the amount of antigenic substance in 
the bacterial cells varies with growth. Young cultures demonstrated high anti- 
genicity both of the bacterial cell and of the substance extracted from it; from 
old cultures, of low antigenicity, only a relatively small yield of active substance 
was obtained. The “essential immunizing antigen” of the pneumococcus has been 
defined as that substance isolated either from the cell or from the culture medium 
which contains as many immunizing doses for mice as the bacterial cells or fluid 
from which it is derived. Felton and Kauffmann have demonstrated the possi- 
bility that from pneumococci of types I and II fractions may be isolated which 
contain from four to eleven hundred times as many immunizing doses as do the 
original cells from which the fractions were made. This degree of activity is 
demonstrable, at least in white mice, by extracting directly from the cells the frac- 
tion soluble at pu 3 in hydrochloric acid or in 5 per cent trichloracetic acid or by 
extracting the fraction after digestion of the cells with trypsin, pancreatin or papain. 
The weight of dried organisms of type I containing a million immunizing doses 
varied from 1 to 10,000 Gm., whereas the weight of the isolated fraction containing 
the same number of immunizing doses varied from 0.012 to 5 Gm. With organisms 
of type II, the corresponding weights were from 0.8 to 100 Gm. and from 0.01 to 
0.5 Gm. At least 85 per cent of the bacterial cell was found to be inert. The 
chemical nature of this fraction was not entered into except for the dextrose 
number. The amount of this component did not correlate with the degree of 
antigenic activity. The authors describe an experiment with organisms of type I 
and another with organisms of type II in which after heating the organisms in 
hundredth-normal alkali at 100 C. for thirty minutes an alcohol-soluble fraction 
was obtained which was as active as any other fraction of the entire cell so far 
isolated. From Authors’ Summary. 

Blood-Grouping and Compatibility. P. Hoxworth and A. Ames, J. A. M. A. 

108:1234, 1937. 

Hoxworth and Ames emplo}'’ed a modification of the technics of Vincent and 
Coca for the determination of blood grouping and compatibility. In the determination 
of grouping large drops of high-titered test serums, anti-B and anti-A were 
added to the left and right ends, respectively, of a glass slide. Blood obtained by 
puncture of a finger and defibrinated by whipping was added to each drop of 
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serum and mixed bi'' means of a platinum loop. In matching bloods a drop of a 
50 per cent suspension of the recipient’s defibrinated blood in saline solution was 
mixed with one fifth of a drop of 50 per cent suspension of the donor’s defibrinated 
blood. The mixture was agitated and observed after fifteen minutes. This 
method was emploi'ed for more than 400 transfusions, without a reaction. Aggluti- 
nation was prompt and clearlj' defined, and the readings were in agreement with 
those determined by the older methods. This method obviated the need for veni- 
puncture and for separation of cells and serum. The 1 ; 5 mixture of the donor’s 
and the recipient’s blood was needed for the detection of universal donors with 
dangerous amounts of agglutinin for A or B recipients. Fredericic Stenn. 


An Improvtsd Air Dritcn Type of Ultracentrifuge for Molecular Sedimenta- 
tion. J. H. Bauer and E. G. Pickels, J. Exper. Med. 65:565, 1937. 

A description is given of the construction and operation of an improved type 
of air-driven ultracenti;ifuge, operating in a vacuum and suitable for the deter- 
mination of sedimentation constants of protein molecules. The rotor of the centri- 
fuge is made of a forged aluminum alloy; it is oval, measures 185 mm. at its 
greatest diameter and weighs 3,430 Gm. It carries a transparent cell located 
at a distance of 65 mm. from the axis of rotation and designed to accommodate a 
fluid column 15 mm. high. The rotor has been run repeatedly over long periods 
at a speed of 60,000 revolutions per minute, which corresponds to a centrifugal 
force of 260,000 times gravity in the center of the cell. At this speed no deform- 
ation of the rotor or leakage of the cell has been observed. The sharp definition 
of sedimentation photographs taken at high speed serves to indicate the absence 
of detectable vibrations in the centrifuge. When a vacuum of less than 1 micron of 
mercury is maintained in the centrifuge chamber, the rise in the temperature 
of the rotor amounts to only 1 or 2 C. after several hours’ run at high speed. 
There has been no evidence of convection currents interfering with normal sedi- 
mentation of protein molecules in the centrifugal field. A driving air pressure of 
about 18 pounds per square inch (8 Kg. to 6 sq. cm.) is sufficient to maintain the 
centrifuge at a steady speed of 60,000 revolutions per minute. With a driving 
pressure of 80 pounds per square inch (36 Kg. to 6 sq. cm.) it can be accelerated 
to this speed in less than twenty minutes, and it may also be brought to rest in 
about the same length of time by the application of the braking system. The 
adaptation of Svedberg’s optical systems to this centrifuge for photographically 
recording the movement of sedimentation boundaries is described. 

From the Authors’ Summary. 


Reactions of Anti-Azoproteins Serum. K. Landsteiner and J. van der 
S cHEER, J. Exper. Med. 67:709, 1938. 

Azoproteins have been prepared with azocomponents possessing two serologi- 
cally active groups. On immunization with such antigens immune serums were 
obtained containing two separate, unrelated antibodies, each specific for one of 
the two groups and separable by absorption. In other cases one of the two struc- 
tures was dominant in that antibodies were formed only toward this and not 
toward the other grouping. The specificity of the antibodies was in general found 
to be influenced to some extent by the presence of a second group in the antigen. 
The relevancy of these observations for antibodies directed against natural antigens 
has been noted. Authors’ Summary. 


Statistical Studies of Vaccine Virus. R. F. Parker, J. Exper Med 67-725 
1938. • • . 

A method has been described by which it is possible to estimate the number 
of particles of vaccine virus which are required to cause infection in the skin of 
a rabbit. The method consists essentially in injecting suitably diluted suspensions 
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of the virus intradermally into rabbits in series. ' The percentage of inoculations 
at each dilution giving rise to lesions was observed, and the data are subjected 
to appropriate statistical analysis. Several strains of vaccine virus, differing in 
their characteristics, have been studied, with the following results -. A single par- 
ticle of the virus prepared by the New York City Board of Health appears to 
give infection or inoculation. The same is true for the strain derived from it 
but cultured in a chick embryo-Tyrode solution medium for a prolonged period. 
This strain, as has been noted, has largely lost its ability to cause extensive 
necrosis in the rabbit’s skin and causes generalized infection only excep- 
tionally. From the results reported here it appears that the alteration in the 
character of the lesion must be traced to factors other than the reduced ability of 
the virus to establish a foothold in the animal organisms. In this respect the 
cultured virus appears to be the equal of the original passage virus. Similarly 
the Noguchi strain of virus is apparently capable of infecting when a single par- 
ticle is properly introduced. From Author’s Summary. 


Ix Vitro Action of Immune R.at Serum on the Nematoide, NiprosTRoxovEUS 
Muris. M. P. Sari.es, J. Infect. Dis. 62:337, 1938. 

Preparasitic infective larvae were freed from bacteria adherent to the cuticula 
by treatment with a 0.1 per cent solution of mercuric chloride, were sealed with 
petrolatum between a sterile slide and a cover slip in small drops of serum or 
saline solution, were kept at room temperature and at 36 C. and were observed 
at frequent intervals with regard to the occurrence of precipitates and their 
development and survival. This test was made on 14 immune rat serums, 13 
normal rat serums and saline solution. The immune serums were from rats 
repeatedly infected and had been proved to have an antibody content by their 
power to immunize normal rats passively. Also tested were parasites in the pul- 
monary and intestinal stages from rats, in 4 immune and 4 normal serums and 
in saline solution. In all 3 stages the parasites survived longer and were more 
active in serum than in saline solution; they survived about an equal lime in 
normal and immune serums and in both were seen actively feeding by vigorous 
rhythmic contractions of the esophagus. Only infective larvae developed in vitro, 
passing through what corresponded to the parasitic phase of development in the 
skin, but their development was less marked in immune than in normal serum. 
Evidences of antibody action, seen with worms in immune serums but not with 
those in normal serums or saline solution, included ; (1) invariable formation of 
precipitates of (a) cuticular type (with larvae and parasites in the pulmonary 
stage only), (Jo) excretory type, (c) oral type and (rf) intestinal type and (2) 
sometimes decreased activit}'' (of larvae and parasites in the pulmonary stage) and 
inhibition of development (of larvae). The correspondence of certain of these 
reactions to those seen in actively and passively immunized rats and their probable 
role in acquired immunity to Nippostrongylus muris are discussed. 

From Author’s Summary. 

The Isolation of Antigenic Substances from Strains of Bacterium 
Typhosum. D. W. Henderson and W. T. J. Morgan, Brit. J. Exper. Path. 
19:82, 1938. 

When suitable strains of Bacterium typhosum are extracted with anhydrous 
diethylene glycol, substances are obtained which are apparently free from protein 
and which are antigenically active. In extracts from rough ^^i strains Vi antigen 
can be detected as a chemical entity separate and distinct from 0 substance. From 
0 agglutinable strains substances containing 0 antigen are readily isolated, but the 
authors have not succeeded in obtaining these preparations entirely free from Vi 
antigen. In extracts obtained from strains that are rich in flagella traces of H 
antigen have been detected. This finding was probably due to passage of flagellar 
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debris through the bacterial filters used in the preparation of the extracts. The 
process of extraction modifies the functional activity of the antigenic complex in 
rough Vi strains: Immunization with these extracts produces an immune body 
tha^ is much less effective in protecting experimental animals than that produced 
by immunizing with living suspensions of rough Vi bacilli. The value of mucin 
as an adjuvant to the test dose of typhoid bacilli for experiments on typhoid 
infection in mice has been confirmed. From Authors’ Summ.\ry. 

The Form.\mide Method for the Extr.\ctiox of Polys.vcch.arides from 
Hemolytic Streptococci. A. T. Fuller, Brit. J. Exper. Path. 19:lo0, 193S. 

The formamide method for preparing group-specific extracts from hemolytic 
streptococci is described. It has the following advantages over existing methods : 
1. It completely dissolves the bacteria, thereby giving potent extracts. 2. It destroys 
or removes protein substances that might give cross reactions. 

A preliminary purification of the group-specific polysaccharides is described. 
It is suggested that the method may be applicable to all species of bacteria. 

From Author's Summary. 


The Preparation of Serum Protective Against Hemolytic Streptococci. 

H. Loewenthal, Brit. J. Exper. Path. 19:143, 1938. 

The antigen responsible for the production of the antibody effective against 
the invasiveness of hemolytic streptococci is intimately associated with the capsule 
which develops on these cocci in the early hours of growth in culture. This 
antigen is extremely labile, being readily destroyed by heat and by low concen- 
trations of formaldehyde or of merthiolate. A temperature of 55 C. applied to 
a suspension of young encapsulated cocci for twelve minutes kills the organisms 
but leaves the capsular antigen intact. ^lore prolonged application of this tem- 
perature rapidly destroys this antigen. With suspensions of young cultures which 
have been cautiously killed with heat, it has been possible for the first time to 
prepare a serum potently protective against hemolytic streptococci in the mucoid 
phase. This method of immunization also gives rise, more rapidly and regularly 
than do the old methods, to antibody protective against nonmucoid strains. The 
result of a single experiment suggests that it is possible to produce a potent polj'- 
valent serum by immunizing with a number of strains simultaneously. 

From Author's Summary. 


Rei.ation of the Colloidal Structure to the Action of Complement and 
TO Paroxysmal Hemoglobinuria, H. Sachs, Ztschr. f. Immunitatsforsch. 
u. exper. Therap. 91:328, 1937. 

The ability of complement to h'se red blood cells on addition of silicic acid, 
snake venom, insulin or tannic acid in the absence of a hemoh’tic antibody suggests 
that the latter is not absoluteh’ essential for the lytic action of complement. The 
supposition is made that the aforementioned substances substitute for the specific 
antibody. The observation that in a hypotonic solution complement alone may 
cause lysis forces one to conclude that colloidal phenomena and not substitution of 
nonspecific substances for the lytic antibody are at play. How can this be 
explained? Sachs suggests that the phenomenon is essentially the same as in the 
true antigen-antibody reaction. Here the globulin of the antibody forms a film 
on the surface of the antigen, and the action of the complement follows. The 
lysis without the lytic antibody can be explained as due to alteration of the 
globulin of the complement by the mentioned substances or by the hypotonicity 
of the medium. This concept makes it possible to explain paroxvsmal hemoMo- 
binuria without assumption of a hypothetic autoantibodv. In this instance chiUiiw 
would be the cause of the alteration of the globulins in the patient’s serum and 
lysis would take place after the chilling was over , ’ 

I. D.avidsohn. 
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Immunity Against Pyogenic Staphylococci. A. Pettersson, Ztschr. f. 

Immunitatsforsch. u. exper. T.herap. 91:366, 1937. 

The fatal dose when staphylococci were injected intravenously was from 
forty to one hundred times smaller than the dose by any other route. In the 
defense against staphylococci, leukocjdes play the main part, as shown by the 
protective influence exerted by them when mixtures of leukocytes and staphylococci 
were injected into rabbits. The serum of animals inoculated with staphylococci 
did not inhibit leukocytic phagocytosis to any greater extent than normal serum 
did, but the leukocytes of immunized animals had greater phagocytic abilitj’’ than 
the leukocytes of nonimmunized animals. Staphylococci induce negative chemo- 
taxis in leukocytes, which keeps the latter away. That action is responsible for 
the edema and interferes with the formation of' abscesses. Pettersson advocates 
that in the preparation of immune serums attention be paid to the formation of 
antibodies against the negative chemical influence of staphylococci. 

I. Davidsohn. 

Elimination of Group Specific Substances. P. Dahr and H. Lindau, Ztschr. 

f. Immunitatsforsch. u. exper. Therap. 91:470, 1937. 

The substance A was detected in the saliva and urine of a chimpanzee and in 
the urine but not in the saliva of another chimpanzee; both apes belonged to 
group A. This report brings the number of grouped chimpanzees to 90, 78 of 
whom were classified as A and 12 as O, The group property B was shown to 
consist of three fractions — Bi, Bs and Ba. The Ba and Ba fractions were found 
in various animal species, the Bi only in man and in anthropoid apes. The dis- 
tribution of the fractions Ba and Ba in animals is not always identical in the red 
blood cells and in the different secretions ; for instance, in one rabbit the red blood 
cells had the fractions Ba and Ba and the saliva only Ba. In some monkeys the 
blood had only one fraction and the saliva two. The discrepancies in reports due 
to elimination of the property B in secretions on one occasion and the failure to 
find it on other occasions may be explained by the use of testing serums with 
different anti-B fractions. Davidsohn. 

Isoagglutinin Anti-M. V. Friedenreich, Ztschr. f. Immunitatsforsch. u. exper. 

Therap. 91:485, 1937. 

The blood serum of a 2j4 month old baby whose blood was of group ON was 
found to contain the isoagglutinin anti-M. The mother’s blood belonged to the 
same group but had' no such isoagglutinin. As would be expected, the serum of 
the infant did not have anti-A and anti-B isoagglutinins. This serum containing 
the unusual anti-M agglutinin was equal in titer to the usual immune serums 
and reacted similarly in absorption experiments. The examination was repeated 
after one week with the same results. The father and 3 siblings of the mother 
were examined, with negative results. The observation was made in the course 
of litigation over the alleged paternitjL Three men who were considered as 
possible fathers did not have the isoagglutinin anti-M in their blood. The child 
died at the age of 8 months, which prevented further investigation. 

I. Davidsohn. 

Distribution of the Blood Groups in Finns. U. P. Kokko, Acta Soc. med. 

fenn. duodecim (Ser. A, no. 3, art. 14) 19:1, 1937. 

Blood specimens to the number of 1,518 were grouped by testing both cells 
and serum. Bloods from 1,334 Finnish-speaking persons in this series were dis- 
tributed among the blood groups as follows: group O, 32.5 per cent; group A, 
42.2 per cent; group B, 17.5 per cent, and group AB, 7.8 per cent. This agrees 
closely with previously published findings. S Wiener. 
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Tumors 

• Effect of Oil of Wintergreen on Spontaneous Tumors of the Mammary 
Glands in Mice. L. C. Strong, Am. J. Cancer 32:227, 1938. 

Two fractions obtained by distillation of the true oil of wintergreen have 
different effects on spontaneous tumors of the mammary glands of mice. The 
high fraction has no effect on (1) the rate of growth of the tumors, (2) the time 
of survival of the animals or (3) the histologic structure of the tumors. The low 
fraction has a pronounced effect, causing (1) slowing of the rate of growth of the 
tumors, with complete regression in 4 of 34 animals, (2) increase in the time of 
survival after the onset of cancer and (3) gross and histologic alterations in the 
tumors. The action of the low fraction appears to be more pronounced than the 
action of the true oil of wintergreen. The difference in effect of the two fractions 
depends on the chemical difference between them and not on the methyl salicylate 
content which they have in common. Author’s Conclusions. 

Immunization Against Neoplasm; Its Effect on the Nitrogen Metabolism 
OF THE Host. R. H. Oster and W. T. Salter, Am. J. Cancer 32:422, 1938. 

In 1925 Dodds found that certain rats which resisted inoculation with neoplasms 
showed a low concentration of urea in the blood after treatment with roentgen 
rays. Independently several investigators had shown that inoculation of tumors 
into mice may confer immunity to subsequent inoculation, an immunity which per- 
sists after removal of the tumors. This paper presents evidence that animals so 
immunized show the peculiarity in nitrogen metabolism which Dodds described in 
naturally immune animals. It suggests that susceptibility to •malignant disease has 
a definite chemical background. The apparent concentration of urea in the blood 
of normal and tumor-bearing mice at the end of a period of fasting (twenty-four 
hours) is about 30 mg. per hundred cubic centimeters even after roentgen irradia- 
tion. Immune animals show the same value for urea until irradiated. Thereupon 
the apparent blood urea drops steadily for three days, to about 20 mg. per hundred 
cubic centimeters, and climbs back to normal in the course of the next week. The 
excretion of nitrogen in the urine shows urea to be consistently about 81 per cent 
and ammonia 9 per cent of the total nitrogen excreted on a mixed diet. This is 
true despite an excessive excretion of nitrogen during the day after roentgen treat- 
ment in both normal and immune animals. The drop in blood urea, therefore, is 
not due to a specific failure of the normal urea-producing mechanism. The response 
of apparent blood urea is independent of the actual presence of a tumor and indi- 
cates that the “immunity” is a property of the host primarily. Indeed, under 
certain special laboratory conditions, the chemical reaction may be used statistically 
to predict in average figures the approximate fate of inoculated neoplasms subse- 
quently introduced. These observations suggest that the difference between a 
malignant and a benign tumor may reside in part in the chemical constitution of 
the host. From Authors’ Summary. 

Tumor Growth in Mice One-Fifth Saturated with Deuterium Oxide 
(Heavy Water). H. G. Barbour and E. Allen, Am. J. Cancer 32:440, 1938. 

The growth of carcinoma in 7 mice and of lymphosarcoma in 2 mice was half 
as rapid, or less, in mice drinking 40 per cent heavy water (deuterium oxide) as 
in mice drinking ordinary water. Drinking 40 per cent deuterium oxide did not 
decrease the weight of young adult mice given injections of carcinoma or of 
lymphosarcoma. _ Mice receiving ordinary water grew faster, but much of the 
difference in weight could be accounted for by their larger tumors. Mice receiving 
deuterium oxide drank less than their controls receiving ordinary water by about 
a third m more. Survival of the tumor-bearing mice was shortened by deuterium 
oxide. Carcinomatous mice drinking 60 per cent heavy water failed to maintain 
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their body weight and died sooner than those receiving 40 per cent heavy water. 
It is not yet certain whether deuterium oxide exerts a specific action on the tumors 
in question by virtue of its osmotic properties or by virtue of its capacity to inter- 
fere with enzyme systems or whether tiie tumors are influenced by a growth- 
inhibiting property or merely by established catabolic effect of deuterium oxide. 

From Authors’ Summary. 

Agent and Soil in Experimental Carcinogenesis. W. H. Woglom, Am. J. 
Cancer 32:447, 1938. 

In the rat, relatively gross trauma does not lower the resistance of glandular 
epithelium to benzpyrine. From Author’s Conclusion. 

The Development of Sarcoma in Mice Injected with Hormones or Hormone- 
Like Substances. E. L. Burns, V. Suntzeff and L. Loeb, Am. J. Cancer 
32:534, 1938. 

Among 247 mice which had received injections of various endocrine prepara- 
tions, including an extract of liver — most of them over relatively long periods of 
time — 10 showed development of sarcoma. In 128 control mice, likewise observed 
over long periods, sarcoma did not appear. In 9 of the sarcoma-bearing mice 
ordinary spindle-cell sarcoma was formed; in 1 the rapidly growing tumor origi- 
nated probably in striated muscle tissue. All the tumors except 1 developed at 
or near places where the tissues had been stimulated by the injections. Specificity 
of the stimulating factors is less pronounced in the case of sarcoma than in the 
case of epithelial proliferation induced by an estrogen, but the exact nature of the 
stimulating agent still needs to be determined. These tumors developed only after 
injections over a long period. While graded growth processes leading step by 
step toward cancerous growth can be recognized preceding the formation of 
epithelial tumors following injections of estrogenic substances, the growth of sar- 
comatous tumors seems to start sudden!}'. It is possible, however, that here, also, 
transitional growth processes precede the development of malignant growth. 

From Authors’ Summary. 

A Transplantable Uterine Rat Sarcoma of 100 Per Cent Transmissibility. 
J. A. PoLLiA, Am. J. Cancer 32:545, 1938. 

A new transplantable uterine sarcoma of 100 per cent transmissibility in the 
pure strain of animals from which it originated is described. In other standard 
strains the transmissibility is only about 20 per cent.- The consistency with which 
the transplant “takes,” the rapidity of growth and the inability to stop its develop- 
ment with any procedure other than irradiation make it a favorable medium for 
the study of the effect of alleged therapeutic agents on transplantable animal 
tumors. From Author's Susimary. 


Role of the Neural Crests in the Embryonal Adenosarcomas of the 
Kidney. P. Mason, Am. J. Cancer 33:1, 1938. 

The three renal tumors studied in this work present the classic characteristics 
of embryonal adenosarcoma. Study of the tumors by ordinary and by neurologic 
methods shows that they are composed not only of the renal glandular elements, 
mesenchymatous elements and striated muscle admitted by the majority of authors 
but also of neuroepithelial and nerve elements which can be linked with the lateral 
lumbar neuroepithelium and the neural crests derived from it. Their “nephrog- 
enous blastema” is composed of undifferentiated cellular cords formed by neuro- 
epithelial vesicles. These cords have the structure of neural crests and give origin 
first to neuroblasts, especially of a sympathetic type, to lemmoblasts, to a mesecto- 
dermal mesenchyme and to striated muscle fibers. These same cords later dis- 
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appear in giving birth to rudimentary nephrons. The tumor blastema is, therefore, 
neurogenic, sclerogenic, myogenic and nephrogenic. Its neurogenic properties show 
the certain participation of the lumbolateral neuroepithelium and its crests in the 
construction of mixed tumors of the kidney. Its myogenic and nephrogenic prop- 
erties raise a Question * Are the lumbar crests the possible source of certain 
striated muscles and of the metanephrogenic blastema? The reply belongs to 
experimental embryology. If one reflects on the frequent presence of spinal and 
sympathetic ganglions in a number of teratomas composed of adult tissue, it is 
permissible to believe that these elements themselves come from neural crests but 
that these neural crests have existed as such only in the very earliest stages of the 
development of the tumors and have rapidly disappeared as they do in the normal 
embryo because they have become differentiated. It is only in malignant teratomas 
with immature tissues that one can hope to encounter them. 

From Author’s Summary. 


“Inflammatory Carcinoma” of. the Breast. G. W. Taylor and A. Meltzer, 

Am. J. Cancer 33:33, 1938. 

A clinical study was made of 38 cases of inflammatory carcinoma of the breast 
encountered over a nine and one-half year period. This grave disease is not rare. 
The literature contains records of over a hundred cases. In the present series 
the incidence was 4 per cent of the total number of cancers of the breast. Although 
the disease is rare after the age of 70, its distribution with respect to age is the 
same as for cancer of the breast in general. The inflammatory signs may arise 
simultaneously with the cancer (primary type), or they may occur after a scirrhous 
cancer has been present for some time (secondary type). In the primary group 
a common early symptom is pain. The signs of inflammation may lead to a 
mistaken diagnosis and injudicious early therapy. The primary cancer of the 
breast comes to medical attention early, yet on admission the signs of inflammation 
are usually full blown and the disease widespread. The cancer may have an acute 
erysipeloid distribution, or it may show a tendency to nodular localization. It 
rarely ulcerates. It spreads rapidly in the superficial lymphatic structures of the 
thoracic wall. Multiple visceral metastases occur early, but the rapid course of 
the disease often does not permit them to attain clinical recognition, iletastases 
in bones were recognized roentgenologically in only 4 cases of the primary type. 
In the uncomplicated cases leukocytosis, fever and other signs of toxicity are rare. 
The patients maintain remarkably good health through the greater part of the 
course, and cachexia is unusual. Death is most often due to intrathoracic com- 
plications. The average duration of life in cases of the primary type was 21.3 
months ; in cases of the secondary type it was 10.8 months after the appearance of 
inflammatory signs. The inflammatory signs — edema, redness and heat — are due 
to extensive blockage of lymphatic channels by the cancer and to congestion of 
the subpapillary plexus. There is no uniform pathologic type. The large fatty 
breast seems predisposed, as does the hyperplastic breast of the woman whose 
pregnancy is far advanced or of the lactating mother. No other predisposing 
factors could be established. The results of therapy are poor. Surgical removal 
is followed by prompt evidence of supraclavicular disease, recurrence in the skin 
or invasion of the opposite breast. Roentgen therapy seems to give the best 
palliative results. Artificial menopause does not alter the course of the disease. 

From Authors’ Summary. 

Spontaneous Bone Tumors of Mice. F. C. Pybus and E. W. White Am T 
Cancer 33:98, 1938. 

From 2 mice of Simpson strain 3 has been derived a selected inbred branch 
m which the incidence of bone tumors (sarcoma) is verv high. A brief account is 

given of the main types and sites of these tumors and of their distribution with 
respect to age. „ 

From Authors’ Summary. 
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A Transmissible Leukemia in the “A” Strain of Mice. J. H. Lawrence 
and W. U. Gardner, Am. J. Cancer 33:112, 1938. 

Transmissible lymphatic leukemia has occurred in the Strong A strain of mice. 
It arose in a mouse receiving a prolonged course of injections of an estrogenic 
substance and has been transferred by subcutaneous and by intravenous injections 
of suspensions of minced spleen or lymph nodes, invariably giving 100 per cent 
“takes” and regularly causing death of the animals. The disease could not be 
produced by intravenous inoculation of cell-free filtrates. It could not be trans- 
mitted to mice of another strain. Authors’ Summary. 

Nesidioblastoma, the Islet Tumor of the Pancreas. G. F. Laidlaw, Am. 
J. Path. 14:125, 1938. 

Microscopically, the chief feature of nesidioblastoma in most of the instances 
is the exact duplication of the pattern of normal islets. The growths also resemble 
h 3 'pertrophied islets in their tendency to exaggerate some features of the normal 
islet pattern. Just as the tumors duplicate the structure of normal and hyper- 
trophied islets, so they are subject to the same pathologic vicissitudes, such as 
fibrosis, hj’aline degeneration and calcification. The origin of the tumor cells is 
indicated by the abundance of figures showing the epithelial lining of the duct 
continuous with a group of tumor cells. The origin of the name “nesidioblastoma” 
is explained. From Author’s Summary. 

Transmission of Chloroleukemia of Mice. J. W. Hall and F. J. Knocke, 
Am. J. Path. 14:217, 1938. 

A strain of chloroleukemia of mice is described that was readily transmitted to 
related mice by intravenous injections of a suspension of the leukemic cells. Sub- 
cutaneous inoculation of the leukemic leukocytes produced localized tumors at the 
sites of inoculation in approximately 23 per cent of the inoculated mice. These 
tumors grew slowly. Intravenous injection of a suspension of the leukemic cells 
produced rapidly progressing generalized leukemia, fatal after approximately 
twenty days in 95. 1 per cent of the mice receiving the cells. This observation 
indicates that large numbers of leukemic cells were destroj^ed in the subcutaneous 
tissues of mice that were susceptible to intravenous administration of similar cells. 
Suspensions of tumor cells injected intravenouslj" were much less effective in 
transmitting the disease than spleen and lymph node. Tumor tissue and splenic 
tissue subcutaneously injected were about equally effective in producing subcu- 
taneous tumor nodules. Exposure of mice to 400 roentgens preceding the injec- 
tion resulted in a greater percentage of successful subcutaneous inoculations. 
Unrelated mice of two different stocks were resistant to transmission of the disease. 
Exposure of these mice to 400 roentgens has not rendered them susceptible to the 
disease. Mice have been negative following intravenous reinjection of leukemic 
splenic material. The almost complete absence of eosinophils in the leukemic 
infiltrations indicates that these cells are not responsible for the green color. The 
most intense green color is shown by the lymph nodes, while the subcutaneous 
tumors, which are composed almost exclusively of malignant leukemic cells, are 
gray with only a faint greenish hue. Authors’ Summary. 

Carcinogenic Effect of Papilloma Virus on Tarred Skin of Rabbits. P. Rous 
and J. G. Kidd, J. Exper. Med. 67:399, 1938. 

When the virus of the Shope papilloma is distributed by way of the blood 
stream to the tarred epidermis of domestic rabbits, it elicits carcinoma forthwith, 
as well as papilloma in great variety. The phenomenon will be analyzed, with 
the aid of additional instances in succeeding papers. 


From Authors’ Summary. 
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Course of Virus-Induced Rabdit Papillomas as Determined by Virus, Cells 
AND Host. J. G. Kidd, J. Exper. Med. 67:551, 1938. 

An experimental analysis of the factors responsible for the obseivecl difleiences 
in the course of virus-induced papillomas in rabbits has shown that some of the 
factors are referable to the virus, others to the cells and yet others to the host. 
The interplay of these factors affords enlightenment of the nature of the cell- 
virus relationship in virus-induced tumors. Retrogression of the papillomas 
'ap, nears to be consequent on generalized resistance of host origin, elicited by and 
directed against the proliferating virus-infected cells. 

From Author’s .Summary. 


Uterine Adenoma in the Rabbit. H. S. N. Greene and J. A. Saxton Jr., 

J. Exper. Med. 67:691, 1938. 

Eighty-three cases of an adenomatous tumor of the uterine mucosa have been 
observed in a colony of rabbits during the past four years. Tlie results of a clinical 
and pathologic study of the tumor, together with a description of transplantation 
experiments, are included in the present report. The clinical histories of the 
tumor-bearing animals are similar: A long period of reproductive disturbance 
precedes the discovery of the tumor, and the tumor shows slow, continuous growth, 
with metastasis, terminating in death, in all animals held under observation for 
longer than one year. Microscopically, the tumor shows an atypical alveolar 
structure and in its characteristics closely resembles adenocarcinoma of the 
uterine fundus in women. Pathologic changes similar to those observed in mice 
following treatment with estrogenic substances are observed in the thyroid, adrenal, 
pituitary and mammary glands. Intraocular transplantation of the tumor has been 
successful, and at the present time the growth has been carried through six genera- 
tions by serial transfer. Authors’ Summary. 

Ectodermal Lesions Produced by the Virus or Rous Sarcoma. E. V. Keogh, 
Brit. J. Exper. Path. 19:1, 1938. 

The virus of Rous sarcoma has been propagated for thirty generations on the 
chorioallantoic membranes of developing chicks. In the chorioallantois the virus 
gives rise to purely ectodermal focal lesions. When dilute suspensions of the virus 
are inoculated, mixed mesodermal and ectodermal lesions arise. The virus may 
be titrated by enumerating the discrete lesions. Following inoculation of emulsions 
of passage membranes bearing discrete ectodermal lesions into fowls, tvpical Rous 
sarcoma appears. From Author’s Summary. 


Tumors in Rats and Mice Following Injection of Thorotrast. F. R. Selbie, 
Brit. J. Exper. Path. 19:100, 1938. 

Tumors can be readily induced in rats and mice by subcutaneous injection of 

thorium dioxide. Of rats surviving fifty-two weeks after the injection of 0.6 cc. of 

thorium dioxide, tumors were present in 58 per cent, and of mice surviving fifty- 

two weeks after the injection of 0.2 cc. of thorium dioxode, tumors were present 

in 26 per cent. It is suggested that the carcinogenicity of thorium dioxide is due 

not only to its radioactivity but also to the susceptibility of the inflammatory 

tissue which it produces. a , r- 

^ From Author s Summary. 

Effect of X-Radiation ON the Blood and Lymphoid Tissue of Tumor- 
Bearing Animals. J. R. Clarkson, W. V. Mayneord and L D Parsons 
J. Path. & Bact. 46:221, 1938. ' ’ 

_ The growth of a mouse sarcoma was more rapid and the tumor of larger 
size m generally irradiated than in nonirradiated rats. Grafts into successive 
generations showed a higher percentage of “takes” in irradiated than in non- 
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irradiated rats. Investigation into the cause of the mortality of irradiated animals 
showed that general irradiation produces diminution in tlie lymphoid tissue 
throughout the body and that in lethal or sublethal doses it causes marked 
anemia, with structural changes in the lymph glands, more particularly the 
mesenteric, fatty changes in the liver and kidneys and atrophy of the spleen. 
The structural changes in the lymph nodes appear to convert these from normal 
lymph into hemolymph glands, concerned with phagocytosis of red cells. The 
deposit of iron in the tissues of irradiated animals and in those bearing primary 
tumors is discussed with special reference to the destruction of blood found in 
the lymphoid tissue of irradiated and nonirradiated mice in which sarcomas 
developed after treatment with a chemical compound. 

Froji Authors’ Summary. 

Varieties of Carcinoma of the Upper Lip. J. Delarue and C. Fayein, Bull. 

Assoc, frang. p. I’etude du cancer 27:8, 1938. 

Since 1922 carcinoma of the upper lip has been seen in 32 patients at the 
Cancer Institute of the Faculty of Medicine, in Paris. In 18 of these the growth 
originated in the cutaneous part of the lip; in 3 it grew from the adjacent skin 
into the lip. In all the patients except 1 with a spinocellular carcinoma, which 
metastasized to the lymph nodes, the carcinomatous grow'ths responded very well 
to roentgen therapy. In 5 instances the carcinoma developed from the mucous 
membrane, and in 6 it straddled the mucocutaneous junction. This type showed 
more marked histologic irregularities than the cutaneous type; in most of these 
instances the carcinoma metastasized to submaxillary lymph nodes; in a certain 
instance it metastasized also to the preauricular lymph node on the side of the 
tumor. In the cases of carcinoma of the upper lip originating from the skin the 
growth behaved like cancer of the face in general. It was not related to sex. 
Metastases were rare; local roentgen therapy was highly successful. The prog- 
nosis in such cases is good. Carcinoma of the mucosa behaved like cancer of the 
buccal mucosa. It was more common in man (11 cases in a series of 12). It grew 
and metastasized rapidly. The rarity of carcinoma of the upper lip is evidenced 
by the fact that in the period during which 200 cases were observed in which 
carcinoma originated from the mucous membrane of the lower lip only 11 cases 
were encountered in which it originated from the upper lip. 

I. Davidsohn. 

Lymphatic Reticuloendothelioma of the Uterus. J. L. Nicod, Bull. Assoc. 

frang. p. I’etude du cancer 27:14, 1938. 

In an enlarged uterus that was removed following a diagnosis of fibroma, the 
fundus appeared diffusely thickened, but there was no circumscribed tumor. His- 
tologic sections revealed a network of lymph vessels lined with flat endothelial 
cells and filled partly or even completely with proliferating large cells, containing 
dark nuclei and abundant, occasionally vacuolated cytoplasm. In a few places, 
syncytium-like masses rvere present. Mitotic figures were absent. Nicod found 
only one similar, but not identical, case reported in the literature. 

I. Davidsohn. 

SEMiNOikiA OF the Testis. J. H. Deitermann, Frankfurt. Ztschr. f. Path. 50: 

231, 1937. 

Deitermann reviewed 27 cases of seminoma of the testis from the standpoint 
of histologic characteristics and clinical malignancy. He could find no support for 
the theor}’' that these growths are teratomatous in origin. Their malignancy is 
unpredictable from the histologic appearance except that in general they are less 
malignant than carcinoma of the testis. Thirty-seven per cent of the patients 
were living and well at the end of five years. L_ Ohringer. 
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A Solitary Amy'loid Tumor of the Parietal Bone. U. Buergi, Frankfurt. 

Ztschr. f. Path. 50:410, 1937. 

A 59 j'ear old man had a fist-sized tumor of the parietal bone, which followed 
a traumatic injur}' of the skull and was diagnosed clinically as sarcoma. Roentgen 
treatment was ineffective. The tumor was removed, and the patient died. The 
tumor was chiefly composed of non-nucleated irregular structures, surrounded by 
granulation tissue containing many capillaries. These structures gave all the 
staining reactions for amyloid. The zones at the border of the tumor revealed 
that the primary deposition of amyloid occurred in the bone marrow and in the 
walls of the arteries of the bone marrow. No amyloid was present in any other 
organ. The author suggests that the deposition of amyloid was provoked by the 
traumatic lesion of the parietal bone. Similar tumors reported in the literature 
involved chiefly the vertebrae, ribs, sternum and skull. Tumors of this description 
are resistant to roentgen treatment and can be diagnosed only on biopsy. 

Annemarie Strauss. 

Neoplastic Character of Leukemia. K. Apitz, Virchows Arch. f. path. Anat. 

299:1, 1937. 

In the course of one year there came to necropsy in Rdssle’s institute 15 persons 
dead of myelosis or - lymphadenosis ; in 7 (4 with myelosis and 3 with lymph- 
adenosis) these conditions were not associated with tumor formation. In the 
remaining 8, diffuse myeloid or lymphoid hyperplasia or leukemic infiltration of 
the internal organs was associated with local tumor formation. The observations 
on these, together with the results of biopsy of tissue removed from 2 other per- 
sons, form the basis of Apitz’ thesis that leukemia whether considered as myelosis 
or as lymphadenosis is a malignant neoplastic condition rather than a non-neoplastic 
hyperplasia of the myeloid or lymphoid tissues. As criteria of malignancy he 
stresses metastasis and aggressive growth. The 10 cases described and discussed 
in great detail fall into two main groups. The first comprised 3 cases of myelosis 
and 3 of lymphadenosis in which there developed tumor-like masses of malignant 
character or local aggressive proliferation. The second group consists of 4 cases 
of lymphosarcoma with terminal lymphadenosis of the leukemic type, held by 
many to be a systemic disease. The first 3 cases of the first group are held to 
be cases of myelosis with terminal development of myelosarcoma; the second 3 of 
the first group, cases of lymphadenosis terminating in lymphosarcoma. The cases 
of the second main group are held to be instances of lymphosarcoma with metas- 
tatic lyrnphadenosis. Apitz maintains that his investigations establish the neo- 
plastic character of the myeloses and lymphadenoses, usually included under 
leukemia. The appearance of the proliferated cells in the peripheral blood is of 
clinical significance but not of essential differential importance. He proposes the 
following purely descriptive classification: 

I. Lymphoid hemoblastoses 

1. Lymphosarcoma of localized type capable of forming hematogenous 

or lymphogenous metastases (Ghon-Roman type) 

2. Lymphosarcomatosis with regional involvement and without a recog- 

nizable primary focus (Kundrath-Paltauf type) 

3. Lymphosarcoma with metastatic lymphadenosis 

4. Lymphadenosis with terminal development of lymphosarcoma 

5. Simple lymphadenosis, in which the aggressive character of the 

growth is evident only microscopically 

6. Combinations of lymphosarcoma and lymphadenosis in wlilch it is 

impossible to determine which was the primary condition. 
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II. Myeloid hemoblastoses 

1. Myelosis with later development of myelosarcoma 

2. Myelosis with localized aggressive growth or metastatic nodules 

(chloroleukemia) 

3. Simple myelosis, in which aggressive growth is detectable only 

microscopically. O. T. Schultz. 

The Immunologic Relationship Between the Shope Fibroma Virus, the 
Virus of Myxoma and Neurolapine Virus. Ko-Da Guo, Zentralbl. f. Bakt. 
(Abt. 1) 139:308, 1937. 

Experiments showed a definite relation between the neurovirus obtained from 
rabbits (neurolapine) and fibroma virus but none between the former and the virus 
of myxoma. Rabbits which had withstood a cutaneous invasion by the neurovirus 
obtained from rabbits exhibited local immunity to infection in the same area with 
the fibromatosis strain of the Shope fibroma virus, but when the latter virus was 
injected into other areas of skin infection developed. Rabbits which had withstood 
a cutaneous infection with neurolapine virus were also immune to infection with 
the inflammatory strain of the Shope fibroma virus but not to a later infection 
with the virus of infectious myxomatosis. A previous infection with Shope 
fibroma virus engendered no resistance to infection with myxoma virus. 

Paul R. Cannon. 
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CHICAGO PATHOLOGICAL SOCIETY 

Katiiauine M. Howeu,, President 
Regular Monthly Meeting, Nov. ]■!, 193S 
Edwin F. Hikscii, Seeretary 

Preparation of M and N Testing Fluids. I. Davidsoiin. 

In this paper I present iny experience in tlie preparation of anti-M and anti-N 
immune serums and testing fluids. The details of the techiiic found useful are 
given. Boiled blood of type M (OM, AiM and BM) was found well suited for 
the preparation of anti-N testing fluids. It can replace entirely raw blood of 
type M. On the other hand, for the preparation of anti-M testing fluid raw 
blood of type N must be used, because tlic latter does not resist boiling. 

Anti-M and anti-N immune serums and testing fluids were kept frozen without 
preservatives for over six months without deterioration. Their value in the deter- 
mination of the blood types M, N and MN for exclusion of paternity was discussed. 

The report will be published in full in the American Journal of Clinical 
Pathology. 

Congenital Adsence of the Penis. George J. Rukstinat and Rodert 
I-Iasterlik. 

A male baby, 41 cm. long and weighing 2,020 Gm., born prematurely with a 
footling-breech presentation, had the following abnormalities: absence of the anus, 
penis and prostate gland and of the median raphe of the scrotum; a persistent 
atretic communication between the base of the bladder and the blind end of the 
distal part of the colon, which was hugely dilated; extensive fibrous and cystic 
changes of the kidneys ; stenosis of both ureters ; clubfoot on the left ; dis- 
placement of the ossification centers of the transverse processes of the fifth lumbar 
and upper three sacral vertebrae. The right kidney measured only 8 by 10 by 
10 mm.; the left, 15 by 12 by 10 mm. Both were nodular with cysts, which com- 
prised about a third of the parenchyma. The remainder of each kidney consisted 
of heavy fibrous connective tissue strands which ensnared groups of glomeruli 
and collecting tubules. Most of the glomeruli were markedly altered and had 
thickened Bowman capsules and shrunken capillary tufts. The dilated renal tubules 
contained numerous lymphocytes mixed with debris and green globular material 
resembling the bile in meconium. The ureters were narrowed, the right through- 
out most of its length and the left near the urcteropclvic junction for 3 mm. 'I'lie 
wall of the urinary bladder was up to 4 mm. thick. The lining was trabcculated 
and had four diverticulums, about 3 mm. deep, near the fundus. On the right 
side, the bladder bulged sharply at a point 2 mm. superior and anterior to the 
ureteral opening and communicated by a passage, O.S mm. in diameter, with the 
distal part of the colon. The opening was occluded by the wrinkled mucosa of 
the bladder but could be forced with gentle pressure. The adherent colon was 
5.5 cm. in circumference and had a wall 0.5 mm. thick. The rugae of the lining 
occurred at wide intervals; the mucosa was stained with bile. ' The ascending 
part of the colon, by contrast, was only 14 mm. in circumference and 1 mm. thick. 
The distal end of the colon was smoothly rounded and had no distal outlet except 
at the narrow passage into the bladder. There was no vestige of a penis cither 
externally or intcrnalbL The left testicle was in the scrotum, and the right was 
at the middle of the right psoas muscle. 
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DISCUSSION 

P. Geuenwald: Cases of atresia of the anus and absence of the penis are of 
great importance since Feller and Sternberg published their paper on sirenoid 
malformations, in 1931. Such malformations are defined as developing from 
median and symmetric defects of the anlage of the caudal end of the body. The 
group described was named after the best known subgroup, the sirens, which are 
characterized by a fusion of the legs. Feller and Sternberg have already stated, 
in their first report, that those defects can give origin not only to malformations 
characterized by fusion of the legs but also to many other anomalies of the pelvic 
region, e. g., atresia of the anus or absence of the penis. I think that the knowl- 
edge of the different types of sirenoid malformations will be helpful in the clarifi- 
cation of many of the various malformations of the pelvic region. Tlierefore the 
case presented has great importance. 

0. Saphir: Were there any changes in the testes and what was the condition 
of the seminal vesicles and prostate? 

S. Levinson : Is there a report of congenital absence of the penis without 
other malformations? 

G. Rukstinat: Hemorrhages were the only changes noted in the testes. The 
prostate and seminal vesicles were absent. One report described this as the only 
anomaly in a boy. The ureters opened into the bowel. There are only twelve 
other reports of this malformation. 

Intracystic Papilloma of the Breast. Otto Saphir. 

While minute intracystic papillomas of the breast often are present in instances 
of so-called chronic cystic mastitis, they also occur as independent tumors in 
breasts which have no other changes. Three varieties of intrac 3 ’'stic papilloma 
may be differentiated: the fibrous type, the glandular t 3 ''pe and a papilloma which 
consists of an insignificant connective tissue stalk covered by transitional epithelial 
cells resembling the mucosal lining cells of the urinary bladder (transitional cell 
type). A combination of these three types is seen frequently. The fibrous type 
is formed by a new growth of connective tissue which extends into the duct or 
cyst and is covered by duct lining cells. Such a tumor may be uniradicular or 
multiradicular. In multiradicular papilloma the epithelial cells of two adjacent 
rami may fuse, thus forming glandular structures. Possibly the glandular t 3 'pe 
is formed also by extension of neighboring periductile acini into a duct or cyst, 
the acini still being surrounded by the epithelial lining cells of the 'duct, Intra- 
cystic papilloma of the breast as a rule is multiple. The multiplicity may be 
explained on the basis of multiplicity of origin or by implantations of tumor cells 
in neighboring ducts. Such implants do not indicate necessarily that the tumor 
is malignant; the latter may be compared to certain benign ovarian tumors which 
occasionally produce implantations on the peritoneal surface. The multiplicity of 
intracystic papilloma of the breast and the consideration of the possible mode of 
origin of the secondary tumors should influence the choice of surgical procedure. 

DISCUSSION 

1. Davidsohn : Intracystic papilloma and chronic cystic mastitis have been 
associated with disturbances • of the glands of internal secretion, i. e., with the 
presence or absence of hormones. Two tissues, the stroma and the epithelium, 
are concerned, each specifically. Is hyperplasia of the epithelium present in young 
and absent in older patients, and were tall acidophilic acinar cells noted in the 
breast tissues in pregnant and not in nonpregnant women? Preparations of 
gonadotropic substances now being used cause changes of the mammar}’’ gland 
which are not spontaneous but are due to therapy. 

O. Saphir: Papillomas are an integral part of chronic cystic mastitis. The 
ages of the patients whom I studied ranged between 20 and SO 3 'ears. I did not 
observe acidophilic cells. 
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Malacoplakia of the Urinary Bladder. Alex B. Ragins and Dorrin F. 

Rudnick. 

Malacoplakia of the urinar}' bladder is reported in a woman, aged S3 years. 
The lesions were associated with chronic ascending pyelonephritis, nephrolithiasis 
and chronic ureteritis. The plaques contained large polygonal cells with A'lichaelis- 
Gutmann bodies and also large accumulations of lymphocytes and plasma cells. 
They were entirely distinct from the transitional epithelium covering them, as 
shown by various differential stains. 

Bacteriologic studies revealed the chief organism to be Bacillus mucosus cap- 
sulatus of Friedliinder, which was isolated from the urinaiw bladder and the left 
ureter. On removal of the left kidney and ureter, all of the symptoms and the 
malacoplakia disappeared. 


Katharine M. Howell, President 
Regular Monthly Meeting, Dee. 12, 193S 
Edwin F. Hirsch, Secretary 

Inguinal Granuloma with Visceral and Osseous Lesions. Eleanor M. 

Humphreys. 

The clinical and autopsy observations in a case of inguinal granuloma seem 
to contradict the widely held view that this disease is invariably superficial and 
local, accompanied by only mild general reactions. Search of the literature and 
a review of the few autopsy reports reveal only scanty evidence for the occur- 
rence of generalized infection due to dissemination of the agent responsible for 
inguinal granuloma. In the case reported now, however, the highly characteristic 
Donovan organisms were demonstrated in the typical superficial lesions of the 
external genitalia and vicinity and in numerous lesions in the abdominal viscera, 
abdominal lymph nodes and bones of the thorax. The sites of these granulomatous 
and focally suppurative lesions were such as to indicate that they were caused 
by direct and deep extensions from the .superficial lesions and by spread of the 
infectious agent through lymph and blood channels. There is no evidence that 
secondary bacterial infection played more than a minor role in the disease. 
Whether or not the pathologic observations in this case represent a rarity or 
exemplify merely the outcome in cases of advanced untreated inguinal granuloma 
will be determined only by more and careful postmortem studies. 

DISCUSSION 

E. A. Pribram : What was the condition of the blood ? 

J. D. Kirshbaum : Was there amyloidosis? 

Eleanor M. Humphreys : There was no amyloidosis. The erythrocytes of 
the blood were 4,120,000 and the leukocytes 14,000 per cubic millimeter just before 
the use of sulfanilamide. A differential examination was net made. After the 
use of sulfanilamide the erythrocyte count dropped to 1,200,000 and 2,000,000, and 
the leukocyte count, to 5,700. 

Hypernephroma of the Ovary. F. W. Van Kirk Jr. and E. A. Edwards. 

In this paper a discussion of opinions concerning the origin and classification 
of tumors of the ovary designated hypernephroma introduces the description of 
a left ovarian ovoid mass, 23.5 by 20 by 12 cm., which weighed 6 pounds and 2 
ounces (2,778 Gm.), The patient, aged 42 years, had as her chief complaints 
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frequency of menstruation, constipation and a growing tumor mass in the abdo- 
men. There were no changes of the secondary sex characteristics. Nineteen 
months after the operation there was no recurrence. All clinical observations 
indicated that the tumor was primary in the left ovary. On surfaces made by 
cutting the tumor there were a few cystlike pockets, ranging from 3 to 6 cm. in 
diameter, in a solid tissue composed of gray and yellow portions, the latter 
necrotic. The tumor tissues had large pale granular cells with sharp cell borders, 
arranged in alveoli and was like renal hypernephroma. The cytoplasm contained 
abundant glycogen. The glycogen content of the moist tissues on fixation in solu- 
tion of formaldehyde U.S.P. was by chemical analysis 1.78 per cent. 

DISCUSSION 

W ALTER Schiller ; Among the hypernephroid tumors is the true hyperne- 
phroma, which originates either from the cortex of the adrenal gland in the normal 
location or from an island of adrenal cortex mi.splaced by developmental error 
into the cortex of the kidney. Such a neoplasm is real adrenal hypernephroma. 
There is another tj'pe of tumor, originating from the tubular region of the kidney 
and consisting of large polyhedral cells with a protoplasm full of fat droplets, 
which sometimes almost duplicates the true hypernephroma in appearance but 
otherwise has a marked tendency to form adenomatous or cystic structures and 
papillary projections. This type, since it originates from the renal cortex and 
secondarily duplicates only the structure of the hypernephroma, as Stoerk 
described, should not be called hj’pernephroma but simply hypernephroid. In the 
ovary both types of tumors can be found — the hypernephroma and the hyper- 
nephroid tumor. The case of Ruston, because of the marked papillary structure 
of the tumor, should be classified as an instance of hypernephroid. 

The differentiation between the hypernephroma and the luteinized granulosa 
cell tumor can be made not only by comparison of the tumor cells but by analysis 
of the surrounding connective tissue. In the granulosa cell tumor the surround- 
ing connective tissue has close functional and morphologic relations to the tumor 
tissue, duplicating the relation between the physiologic theca and the physiologic 
granulosa. In the adrenal cortex the framing connective tissue forms a neutral 
capsule only, which is not reactive to the activities of the included cortical tissue. 
The same holds for the hypernephroma. The tumor demonstrated by Dr. Van 
Kirk shows the absence of any but mechanical relations between the connective 
tissue capsule and the tumor tissue. 

O. Saphir; The origin of some of the cells in the ovary is not exactly known 
and hence the origin of a tumor which arises in this tissue is not certain. I 
believe the differentiation between the true hypernephroma and the luteoma should 
be on the basis of biologic assay. 

Systemic Mycosis with Mycotic Endocarditis. N.\than B. Friedman and 
Lilian Donaldson. 

A 57 year old Illinois grocer suffered from malaise and afternoon fever for 
a year before his death. Physical examination led to a diagnosis of subacute 
bacterial endocarditis, but the blood cultures were negative. The autopsj’' showed 
a luxuriant vegetation on the aortic valve, which microscopically proved to be filled 
with nests of yeastlike cells, and scattered through many organs were miliary 
tuberculoid granulomas. 

discussion 

E. A. Pribram: One does not knew how to classify this organism, because 
it was not identified culturally. Is there any possibility that the disease was 
tularemia ? 

O. Saphir; Perhaps the yeastlike organism is a secondary invader, engrafted 
on some other infection. 
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PlUMARY AnENOCARCINOMA OF THE JEJUNUM WITH PERFORATION. MaURICE B. 

Jacobs and E. A. Ciiristofferson. 

Primary carcinoma of the jejunum is rare. An acute perforation is still more 
unusual. Only one case has been reported heretofore in the last eight years. The 
present instance concerns a white man, aged 48 who was admitted to the Cook 
County liospital on May 1, 1935, complaining of stidden severe abdominal pains. 
There had been no previous complaints referable to the gastrointestinal tract. His 
temperature was 100.6 F. rectally ; the puhse rate, 102 ; the respirations, 36 per 
minute, and the blood pressure, 132 systolic and SO diastolic. The abdomen was 
hard, slightly distended and diffusely tender on palpation. Peristaltic sounds were 
absent except for an occasional metallic click. Fluoroscopic examination revealed 
free air beneath the right dome of the diaphragm. A preoperative diagnosis of 
perforated peptic ulcer was made. Twenty-six hours after the onset of pain, a 
perforation of the jejunum IS inches (45.7 cm.) distal to the ligament of Treitz 
was found. The regional lymph nodes were firm and enlarged. A diagnosis of 
carcinoma was made, and wide resection of the involved tissues together with 
the mesentery was done. Histologic examination revealed the tumor mass in 
the jejunum to be adenocarcinoma. Four days after the operation the patient died, 
and the postmortem examination demonstrated generalized fibrinous peritonitis 
and metastases in the mesenteric and periaortic lymph nodes. Both lower lobes 
of the lungs showed bronehopneumonia. 

The literature was reviewed, and onlj' one other case, observed by Dencks, 
was found recorded. In 10,309 consecutive necropsies at the Cook County Flos- 
pital between 1929 and 1938 only 7 cases of carcinoma of Ihe small intestine were 
encountered, of which 3 were in the duodenum and 4 in the jejunum. Combined 
stJitisties from hospitals of Vienna, Baltimore and Chicago, covering 90,937 
necropsies, included only 58 cases of primary carcinoma of the small intestine and 
in only 8 of these was the growth in the jejunum. 

DISCUSSION « 

Alex B. Ragins : Up to 1938, 3 cases of malignant tumor of the small bowel 
in addition to the 7 cases described by Drs. Jacobs and Ciiristofferson were 
observed at the Cook County Hospital. Two of these were instances of reticulum 
cell lymphosarcoma. In the first the tumor was located in the second portion of 
the duodenum, involving the ampulla of Vater, and in the second the tumor 
involved portions of the entire small bowel, starting from the jejunum, extending 
through the ileum and ending abruptly at the ileocecal junction. The third tumor 
was a pedunculated leiomyosarcoma of the ileum. Since observing these, I have 
encountered 3 more instances of sarcoma of the small bowel in which the growth 
had been resected surgically. In one the tumor was in the jejunum and in the 
others it was in the ileum. In the former the growth was lymphosarcoma. In 
the latter 2 it was reticulum cell lymphosarcoma. IMy associates and I have 
found carcinoma occurring more frequently in the small intestine, where’ most 
investigators have shown a marked prevalence of lymphosarcoma over carcinoma. 
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The Special Pathological Anatomy and Pathogenesis o£ the Circulatory, 
Renal and Digestive Systems Including the Liver, Pancreas and Peri- 
toneum. Horst Oertel, Strathcona Professor of Pathology, Director of the 
Pathological Institute, McGill University, and Pathologist to the Roj'al Vic- 
toria Hospital, Montreal, -Canada. Pp. 63,0. Price §8.50. Montreal, Canada ; 
Renouf Publishing Company. 

This book is the outgrowth of a series of notes for the author's lectures, which 
have been expanded, elaborated and clarified in Professor Oertel's usual scholarly 
style. The preface and introduction are philosophic essays, based on wide reading 
and experience in educational problems, well worthy of perpetuation in this or 
any other form. The text is written with historical perspective. Emphasis is 
laid on etiology and pathogenesis, and there is furnished a thorough survey of 
pathologic morphologi' and function. For Oertel, pathology is a science of and 
for itself, but even so he is familiar with its practical bearing, and the facts and 
discussions are so presented that the book has genuine value for both the clinician 
and the pathologist. It should also be useful to those among the medical students 
whose interest is in the subject rather than merely in the final examination. The 
book reads smoothly, and the matter is fluentlj' put, but it must be said that the 
writing is by the large, as Oertel says, “discursive.’' This formula gives him 
ample opportunity for full critical and informative discussion. Clarity, thorough- 
ness and balance in the treatment of the subject matter prevail throughout. 

Special or systemic pathology is of the deepest interest to those who would 
use this body of knowledge in the practice of medicine. Special pathology, how- 
ever, in order to be sound, must be built on a solid foundation of general pathology, 
and most important in this broad field is knowledge of inflammation, of its nature 
and processes. Oertel is an adherent of Ricker’s hypothesis of the nervous control 
of inflammation, and naturally this permeates his discussions of numerous special 
topics. Ricker and Oertel may be right, but many pathologists here and abroad 
do not think so. A book review is no place to argue the question, but the subject 
assumes indubitable importance in the mind of any teacher of pathology who 
advises his students in the selection of a textbook. Much the same criticism may 
be directed toward highly individualistic descriptions and classifications, such as 
those of Bright’s disease. 

With due consideration, and probably with the idea that specimens should be 
readily available to the student, Oertel has provided no pictorial illustrations. To 
be sure, a high grade laboratory should have plenty of illustrative material, but 
in not a few institutions the small volume of pathologic material and the cost of 
preservation of the material in suitable form are handicaps too great for the 
collection of those tj'pical lesions which are so essential to the student’s fund of 
information. Experience has shown that in nearly all fields of study the word 
picture, admirable as it may be, often requires amplification by illustrations. The 
value of a textbook on almost any subject is enhanced by well selected photo- 
graphs, drawings and the like. 

Although Oertel makes no claim for completeness, the references listed at the 
end of each chapter are well selected and on the whole reasonably extensive. 
Oertel is devoted to Germanic science and philosophjq a quality which is reflected 
in the numerous excellent summaries of what these peoples have contributed to 
pathology and medicine. Indeed, there is a suggestion of overemphasis on the 
work of Continental investigators in relation to the newer American school. The 
reviewer protests that in making this criticism he is not guided by undue nation- 
alism but by^ a desire to see that all good things are included. 
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The format of the book is somewhat larger than is usual in this type of publi- 
cation; the paper is of good mat surface, the type is large and the printing clear 
and uniform. The book is interesting and enlightening reading for those advanced 
students of pathology and medicine who are sufficiently experienced to formulate 
their own judgments of the expositions of a highly respected author. 


Pathological Technique. A Practical Manual for Workers in Pathological 
Histology Including Directions for the Performance of Autopsies 
and for Microphotography. Frank Burr Mallory, A.M., M.D., S.D., Con- 
sulting Pathologist to the Boston City Hospital, Boston, Mass. Cloth. 
Pp. 434, with 14 illustrations. Price S4.50. Philadelphia: W. B. Saunders 
Compaii}', 1938. 

Receiving this book was just like meeting again an old friend whom one 
missed badly and for whose return one waited impatiently. The pleasure of the 
meeting was enhanced by evidences of rejuvenation and up-to-dateness, much 
more fundamental than a mere face lifting. 

The reviewer’s affection in approaching this book will be understood and, he 
hopes, excused by all who received their training in pathology^ during the past 
generation, when the names Mallory and Wright were synonymous not with a 
book on pathologic technic but with the subject of pathologic technic. When 
the bock, only twenty-seven years old, reached in 1924, with its eighth edition, 
the enviable position of a standard in its field, the authors or the publishers did 
not respond to a general demand for a new edition, and soon the book could not 
be obtained. Other books were published, but none of them was able to replace 
the old standby. But here it is, dedicated to the memory of the former co-author, 
James Homer Wright. 

It is a new, book, though retaining all that was good in the old one. It has 
been brought up to date and considers all that has taken place since 1924, all 
that has proved valuable or that shows the promise to stay. 

The book has gained bj’' the changes to which it has been subjected; it has 
become truly a book on pathologic technic through the elimination of large 
chapters devoted to bacteriologj", serolcgy'^ and hematologJ^ 

The subject matter is treated in three parts and nineteen chapters. The first 
part, 105 pages, deals with general histologic methods, including the examination 
of unfixed material and the processes of fixation, decalcification and embedding 
of tissues. The relatively new dioxane method is presented; then follow dis- 
cussions of the stains, natural, artificial and metallic, of the clearing and 'mount- 
ing reagents, of microincineration and of injection methods. The special his- 
tologic methods as they are used for the study of the cell and of its component 
parts, of the different special cells and tissues and of the various organs are taken 
up in three chapters of the second part. The nervous system is treated exhaus- 
tively in 45 pages. Two chapters are given to bacterial stains and to infectious 
agents, such as actinomycetes, yeasts and molds, rickettsias, filtrable viruses, 
spirochetes, protozoa and worms. The sixteenth chapter of part three takes up 
the technic of the necropsy in 73 pages. The different methods are presented 
and their relative advantages discussed. This chapter contains a wealth of 
material in a limited space. Then follow brief and valuable chapters on the 
preservation and mounting of gross specimens, on gross and photomicrography 
and on the making of lantern slides, and finally with suggestions for such prac- 
tical matters as the blackening of table tops and the cleaning of glassware. A 
well selected 8 page bibliography and a 28 page index conclude the book. The 
type and binding are satisfactory. 


There is every leason to expect that this book will prove a worthy successor 
to the old Mallory and Wright. No pathologist, no laboratory technician can 
afford to be \yithout it. It is hoped that the author will see the editions multiply 
as he did in the case of the older book. 
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National Research Fellowships 1919-1938. Phj-sical Sciences, Geologj' and 
Geography, Medical Sciences, Biological Sciences. Pp. 95. Washington, D. C. : 
National Research Council, 1938. 

Le DESEQUILIBRE ALIMENTAIRE (CaRENCE C.) dans LES troubles DU METABO- 
LiSME calcaire (ossification et dentition) en pathologie humaine et com- 
PAREE. Georges Beltrami, ancien interne des hopitaux, professeur a la Faculte de 
Medecine de Marseille. Pp. 35. Marseille: Leconte, 1938. 

Human Pathology. A Textbook. Howard T. Karsner, M.D., Professor of 
Pathology, Western Reserve Universitj’’, Cleveland. With an introduction by 
Simon Flexner, M.D. Fifth edition, revised. Cloth. Pp. 1013, with 461 illustra- 
tions. Price, SIO. Philadelphia and London: J. B. Lippincott Company, 1938. 

Manual of Veterinary Bacteriology. Raymond A. Reiser, D.Y.M., A.M., 
Ph.D. Third edition, thoroughly revised. Cloth. Pp. 640, with 93 illustrations. 
Price, §6. Baltimore: Williams & Wilkins Company, 1938. 

Cancer with Special Reference to Cancer of the Breast. R. J. Behan, 
M.D., Dr.Med. (Berlin), F.A.C.S., Co-Founder and Formerly Director of the 
Cancer Department of the Pittsburgh Skin and Cancer Foundation, Pittsburgh. 
Cloth. Pp. 844, with 168 illustrations. Price, SIO. St. Louis: C. V. Mosby Com- 
pany, 1938. 

Cancer. Its Diagnosis and Treatment. Max Cutler, M.D., Associate in 
Surgery, Northwestern University Medical School; Chairman, Scientific Com- 
mittee, Chicago Tumor Institute; Consultant, Tumor Clinic, and Director, Cancer 
Research, U. S. Veterans Administration, Hines, 111., and Franz Buschke, M. D., 
Assistant Roentgenologist, Chicago Tumor Institute; Late Assistant, Roentgen 
Institute, University of Zurich, Assisted by Simeon T. Cantril, M.D., Director, 
Tumor Institute, Swedish Hospital, Seattle; Late Assistant, Chicago Tumor 
Institute. Cloth. Pp. 757, with 346 illustrations. Price, $10. Philadelphia and 
London: W. B. Saunders Company, 1938. 
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MECHANISM OF LOCALIZATION OF VEGETATIONS 
OF BACTERIAL ENDOCARDITIS 

ARTHUR C. ALLEN, M.D. 

NEW YORK 

In studying vegetations in cases of acute and of subacute bacterial 
endocarditis ^ one is impressed by the constancy with which they are 
located on the valve surface facing the chamber which the valve serves, 
i. e., the outflow surface. The vast majority show predilection for the 
line of closure, but not infrequently the vegetations cover the greater 
part of the outflow surface. This has been appreciated for many years 
(Osier, ^ Clawson,® Clawson and others^). It seems, therefore, that 
nature must engineer such constancy by a definite mechanism rather than 
by chance distribution. However, from the diversity of the theories 
one may conclude that the principles of this mechanism have not been 
settled. The concepts that have been suggested may be outlined as fol- 
lows: (1) coronary embolism, (2) mechanical forces such as eddy 
currents or impingement of valvular margins and (3) miscellaneous 
theories. 

THEORIES 

' Coi-onary Embolism . — As far back as 1863 Luschka® described 
blood vessels in valves and correlated his findings of a richer vascularity 
in the mitral and aortic valves with the well established fact that endo- 
carditis is most commonly found in these structures. This view was 
opposed at that time with the very modern objection that such valves 
were the seat of disease and thereby achieved their vascularity. How- 
ever, in 1909 Coombs ® presented reasons for believing that the organ- 

From the Department of Pathology, Cook County Hospital; director, Dr. 
R. H. Jaffe (deceased). 

1. Allen, A. C.: Nature of the Vegetations of Bacterial Endocarditis, Arch. 
Path., to be published. 

2. Osier, W. : Lancet 1:415, 1885. 

3. Clawson, B. J. : Arch. Int. Med. 33:157, 1924. 

4. Clawson, B. J.; Bell, E. T., and Hartzell, T. B.: Am T Path 2-193 

1926. * 

5. Luschka, cited by Kerr and Mettier.s 

6. Coombs, C. : Lancet 1:1377, 1909. 



400 


ARCHIVES OF PATHOLOGY 


isms reach the valve through the coronary vessels. In 1917 Bayne- 
Jones advanced evidence to show that valves are normally vascularized. 
This was confirmed by Kerr and Mettier ® who injected india ink into 
the coronary circulation. They concluded that their studies lent 
“further confirmation to the embolic concept of endocarditis.” 

Recently Wearn and Moritz “ published pertinent data from detailed 
studies of the vessels of valves. Of 235 hearts with no apparent inflam- 
mation, the mitral valve was vascularized in 50 per cent, the tricuspid 
valve in 31 per cent, the aortic valve in 5 per cent and the pulmonary 
valve in 4 per cent. 

According to the embolic concept of endocarditis, one logically 
expects those valves to be most frequently invoh^ed which are most 
frequentl}'’ vascularized. However, among apparently normal valves, 
the aortic was found vascularized far less often than any of the others 
and with about one-sixth the frequency of the tricuspid. And yet the 
tricuspid valve is the seat of endocarditis far less often than the aortic, 
even without antecedent rheumatic disease. 

An additional objection — among others — to the coronary theory lies 
in the totally inadequate explanation for the localization of lesions on 
valves rather than on mural endocardium, not to mention the predilection 
for valves on the left side of the heart, and the constant selection of a 
particular part of the valve. The last part of this objection Eisenmann 
meets with the statement that such highly selective localization depends 
on a peculiar distribution of the coronary vessels. Not only has this 
• not been confirmed by subsequent elaborate studies but, as a matter 
of fact, there seems currently to be some doubt (Gross that normal 
valves are vascularized at all. It may then be concluded that this theory 
lacks adequate evidence as an explanation for the great majority of cases. 

Eddy Currents . — Inasmuch as many of the lesions appear to begin 
near the line of closure, the ' explanation for the localization has been 
sought in eddy currents. But do eddy currents occur at this point? It 
is a fundamental physical principle that eddy currents tend to occur 
in a region of diminished pressure, particularly within a pocket. Adami 
and Nicholls long ago pointed out that thrombi genei'ally originate in 
venous valve pockets because of these currents. In the heart, pockets 
occur in two principal places (fig. 1) : (1) between the superior 

7. Bayne-Jones, S. : Am. J. Anat. 21:449, 1917. 

8. Kerr, W. J., and Mettier, S. R. : Am. Heart J. 1:96, 1925. 

9. Wearn, J. T., and Moritz, A. R. : Am. Heart J. 13:11, 1937. 

10. Eisenmann, cited by Hutyra, F., and Marek, J. F. : Special Pathology and 
Therapeutics of the Diseases of Domestic Animals, Chicago, Alexander Eger, 1912, 
vol. 1, p. 1080. 

11. Gross, L.: Am. Heart J. 13:275, 1937. 

12. Adami, J. G., and Nicholls, A. G. : The Principles of Patholog 3 % Phila- 
delphia, Lea & Febiger, 1909, vol. 2, p. 68. 
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surface (or fibrosa) of the semilunar valves and the great vessels and 
(2) between the ventricular surfaces (or fibrosa) of the auriculoven- 
tricular valves and the wall of the ventricle. These are the sites of 
eddy currents (Best and Taylor^®). However, both these areas are 
onl}- exceptionally the seat of primary vegetations. It must therefore 
be concluded that eddy currents play no apparent significant role in 
the initial localization of bacterial vegetations. 

Impiugcvient . — According to this theory, the line of closure is fre- 
quently elected because of the trauma and strain due to mechanical 
impingement of the margins against each other as the leaflets or cusps 
slap shut (Leschke ; INIacCallum ; Nedzel ^®) . However, does signifi- 
cant impingement occur? To answer this question, it is important to 
review the anatomic background of bacterial endocarditis. 

It is generally agreed (Libman ; Clawson ® ; Thayer ; Blumer 
and others) that bacterial endocarditis occurs on a previously existing 



Fig. 1. — Diagrams illustrating the fact that very much more blood comes in 
contact with the outflow (A) than the the opposite (B) surface. It is on the 
outflow surface that vegetations localize with remarkable constancy. (Diagrams 
modified after Wiggers.) 

valvular deformity in from 50 to 75 per cent of the cases. Such a 
deformity is usually a rheumatic fibroplastic distortion and occasionally 
a congenital anomah-. As is well known, tlie rheumatic deformity 
almost pathognomonically involves the free margins of the valves 

13. Best, C. H., and Taylor, W. B.; Physiological Basis of kledical Practice. 
Baltimore, William Wood & Company, 1937, pp. 275-281, 183-187 and 454. 
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16. Nedzel, A. J. : Arch. Path. 24:143, 1937. 
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( Antischkow . A fibroplastic deformity of the free margin often 
produces stenosis and usually concomitant insufficiency. It is difficult 
to conceive, therefore, of much, if any, impingement occurring on the 
margins of a stenotic, insufficient valve during closure when these 
margins are unable even to meet (fig. 2). 

This leaves at least 25 per cent of the cases of bacterial endocarditis 
to occur on apparently normal valves. But do even these normal valve 
leaflets impinge with the trauma and strain that is generally believed? 
The following is a description by Best and Taylor of the mechanism 
of closure of the auriculoventricular valve: 

During auricular systole, the leaflets do not lie back against the ventricular 
wall but occupy a mid-position as a result of two opposing currents (the eddy 
currents reflected from the ventricular wall and the auricular stream). When, 



Fig. 2. — Diagram illustrating a stenotic, insufficient semilunar valve and the 
necessity for the line of closure to bear the brunt of increased impact since it is 
rigid and does not give way with the stream. Selectively increased contact and 
frictional resistance are also encountered in this area by virtue of the stenosis 
and insufficiency. 

as a result of the fall in intra-auricular pressure, the incoming jet is diminished 
in force and finally ceases, the back eddy, persisting for a brief space and 
unopposed, appi'oximates the valves or brings them together gently. They are not 
however firmly closed. This is effected by the rise in pressure in the ventricle 
when it contracts. 

The trauma from closure after apposition has taken place is far less 
than that produced by edges which have been slapped together in the 

20. Anitschkow, M. ; Atherosclerosis (Lipoidosis) of the Heart Valve and Its 
Relation to Endocarditis, in Contributions to the Medical Sciences in Honor of 
Dr. Emanuel Libman, New York, International Press, 1932, vol. 1, p. 87. 
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manner of the general conception. Therefore, the impingement theory 
seems inapplicable not only to the lesions on the normal valve most 
frequently affected (mitral) but to the great majority of lesions supei'- 
imposed on diseased valve leaflets, the margins of which are physicall)'^ 
unable to impinge on each other. 

Miscellaneous Theories . — Recently Nedzel reported that he was 
able to produce endocardial lesions by the injection of pitressin with, 
and rarely without, a subsequent injection of bacteria. It is his belief 
that the pressor episode thus brought about causes the valve to exude 
from its surface a string}'' adhesive substance to which bacteria adhere. 
The trauma produced by an augmented mechanical impingement is 
stated to be one of the chief factors in the production of the sticky 
streamers, inasmuch as during the “pressor episodes, the margins of 
the valve impinge on each other more forcibly” (NedzeP®). And 
yet, it is interesting to note that all of the lesions reported were on 
mitral valves, where the occurrence of significant trauma during closure 
is open to much question, as was indicated in the foregoing paragraph. 
Moreover, as mentioned, in stenotic, insufficient valves, such impinge- 
ment cannot occur. Nevertheless, the wliole problem of pressor 
episodes is intriguing, and the experimental data are valuable, although 
one may disagree with the interpretation thereof. 

Grant, W.ood and Jones noted that degenerative changes tend to 
occur in congenitally bicuspid valves and in those with rheumatic 
deformities. These changes, they believe, lead to the occurrence of 
“platelet thrombi” which offer a foothold for bacterial implantation. 
This is a well recognized, keen observation. The question of whether 
these are truly platelet thrombi deposited on the valve or degenerative 
changes arising in toto from the valvular substance is not pertinent to 
the issue of present concern. The assumption that such projections may 
aid in localizing the bacteria is not unreasonable, although it does not 
account for the 25 or more per cent of cases of bacterial endocarditis in 
which the vegetations are generally assumed to occur on previously 
normal valves. Nor is it unreasonable to believe that the production 
of these changes is intimately related to the selectively greater “wear 
and tear” suffered by the valvular outflow surfaces where these “thrombi” 
were found. This will be discussed further in later paragraphs. 

A variety of other possibilities have been suggested. For example, 
according to Babcock," the rheumatic valve is less vascular, with the 
consequence that fewer phagocytes are able to reach and destroy the 
bacteria. Coombs,® on tbe other hand, believed these valves to be more 

21. Grant, R.' T. ; Wood, J. E., and Jones, T. D.: Heart 14:247, 1927. 

22. Babcock, R. H. : J. Michigan M. Soc. 12:645, 1913. 
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vascular with a resultant increase in opportunity for infection. 
Poynton stated that the organisms lie latent in the rheumatic valve 
until caused to flare up with the consequent production of the charac- 
teristic bacterial endocarditis. Finally, the conception of allergy in the 
broadest sense of altered reactivity of tissue is gaining favor on the 
basis of convincing experimental evidence (Semsroth and Koch-'*). 
Except the last, many such theories encounter distinct and obvious 
objections. However, even if these objections were met, none of the 
conceptions explains why the vegetations localize on one side of the 
deformity rather than on the other. In other words, the fibroplastic 
deformity, for example, in almost all instances is accessible on both sides 
at the distal, free margin. Similarly, the considerations of altered reac- 
tion of tissue, phagocytes and other such general factors apply more or 
less equally to the entire deformity. And yet, the surface facing the 
chamber served b}' the valve suffers implantation of bacteria with 
reliable constancy. Apparently, other factors are concerned. 

In view of the multiplicity of theories, it seems desirable to set up 
the criterion that any theory attempting to elucidate the mechanism of 
localization must attempt to reconcile at least the following universally 
recognized facts relating to endocardial lesions : 

1. In from 50 to 75 per cent of the cases, bacterial endocarditis is 
superimposed on a fibroplastic valvular deformity (Libman; Clawson; 
and others). 

2. Congenital lesions are particularty susceptible to bacterial endo- 
carditis (Abbott ; Osier ^®) . 

3. There is a distinct preponderance of lesions on the left side over 
those on the right side. 

4. Bacterial endocarditis is rare in patients with auricular fibrillation 
secondai-y to rheumatic laritral stenosis (Libman;^" Fishberg"’). 

No single theory has been offered thus far which explains all of these 
facts, and several of these facts are adequately explained by none of the 
theories. In the remainder of the paper, an attempt will be made to 
show that certain mechanical principles are concerned in each of the 
four groups of cases just cited and, of even more importance, that these 
principles are the same in all. 
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IMPACT AND CONTACT 

For many 3 fears intracardiac tension has been thought to play a 
part in “reducing the resistance” of endocardial tissue, thus paving the 
way for implantation of bacteria. The occurrence of lesions in sites 
subjected to abnormally high tensions — for example, the right auricle 
with a patent foramen ovale or the right ventricle with a defective 
septum fibrosum — supports this general thesis. Gross,-® who has treated 
the entire subject of endocarditis comprehensively, emphasized the factor 
of blood dynamics. The production of endocarditis by the injection of 
pitressin and bacteria (Nedzel) furnishes supporting experimental data. 
However, the term “hemodynamics” lends itself to facile usage. Pre- 
cisely how do these dynamics bring about almost constant localization 
of vegetations at certain sites ? The process, it is believed, entails more 
than simple tension. The attempt will therefore be made to analyze 
more exactly the nature of these dynamics, which may be resolved into 
two major components: (a) impact and (b) contact. Each of the 
four facts will now be examined separately to determine the role played 
by each of these components. 

1, Implantation of Vegetations on Rheumatic Endocardial Defor- 
mities. — {a) Impact: In the normal valve, a good deal of the impact 
is warded off because the leaflets “give way” or play with the stream 
(fig. 1). In the rheumatic valve, however, the brunt of this impact is 
borne by the rigid, nonelastic parts, i. e., the line of closure, the usual 
site of the rheumatic fibroplastic deformity, because it is unable to 
“give” with the stream. The basis for this principle of mechanics is no 
less than Newton’s third law of motion, which states that “to every 
action there is an equal and opposite reaction.” In other words, the 
more fixed and unyielding an object is. the greater will be the impact 
produced against that object (Kimball-®). 

Therefore, as a corollary to this, any condition which appreciably 
alters the impact must be a factor, to the degree of such alteration, in 
enhancing the predisposition toward the localization of bacteria. Such 
an increase in the impact is produced in stenosis. For example, in 
aortic stenosis, “the velocity of ejection is greatly increased over normal 
— even during rest. The woi'k of the left ventricle may be nearly 
doubled and the increase is due to the enormous increase in the kinetic 
factor” (Best and Ta^dor^®). The impact is, of course, directly pro- 
portional to the kinetic factor inasmuch as both are a function of mass X 
velocity ( Kimball ) . 

28. Gross, L., and Fried, B. M. : Am. J. Path. 13:769, 1937. 
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Holt & Compan 3 % Inc., 1932, pp. 19-24. 
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In addition, insufficiency is the usual concomitant of rheumatic 
stenosis. According to Fishberg, the diastolic backflow in insufficiency 
averages 36 per cent. According to Wiggers,^® this backflow may vary 
from 5 per cent in small leaks to 50 per cent or more. This backflow 
increases the diastolic volume, and this, in accordance with Starling’s 
law of the heart, causes a greater force of contraction and hence a 
correspondingly greater impact. In other words, in both stenosis and 
insufficiency — the common complications of rheumatic A'^alvulitis — there 
is brought about an increased impact against the valve. The brunt of 
this impact is borne by the site of special interest— the fibroplastically 
deformed line of closure on which bacterial vegetations are commonly 
implanted. 

{h) Contact: If, along with increased impact, a greater number of 
organisms forcibly brush against a certain part of the valve, the 
chances for bacterial implantation on that part naturally become greater. 
Therefore, the question to be answered is: Which part of the valve 
contacts the most organisms in a bacteremia? 

In the first place, many more cubic centimeters of blood come in con- 
tact with the ventricular or outflow surface (spongiosa) of the normal or 
the deformed semilunar valve (and the outflow or auricular surface of the 
auriculoventricular valve) than with the opposite surface. This "oppo- 
site surface” (fibrosa) tends to be pi'essed against the aortic, pulmonary 
or ventricular wall, depending on the valve (fig. 1), and comes in contact 
with only a small fraction of the area of blood met by the outflow surface. 
(The pocket formed by the aortic wall and the valve fibrosa [fig. 1] is 
much too small to make eddy currents a significant factor.) By the same 
token, in bacteremia many more organisms will come in contact with this 
ventricular surface (fig. 1). As a matter of fact, vegetations that more 
or less completely cover this selectively contacted surface of a cusp 
without extension to the opposite surface are seen not infrequently, 
particularly in acute lesions. According to Swift,^’^ the mitral lesions 
extend up over the wall of the left auricle in more than half the cases. 
These instances lend support to the concept that selective contact 
between vah'e and organisms occurs in this location and is important 
in the localization of vegetations. .This same description of mechanism 
applies to each of the other valves. 

Such is the situation when the valves are unthickened. However, 
a brief review of the mechanics discloses that in the stenosis and 
insufficiency produced by a rheumatic deformity there is brought about 
contact with an increased number of organisms at the line of closure. 

30. Wiggers. C. J.: J. A. M. A. 97:1359, 1931. 
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ALLEN— LOCALIZATION OF BACTERIAL VEGETATIONS 407 


In stenosis, three factors tend to work in this direction: (1) the dimin- 
ished diameter of the stream as it passes through the narrowed orifice, 
(2) the increased stroke volume (Wiggers®^) and (3) the lengthened 
systole (Wiggers “-). The first two factors obviously increase the total 
surface area and hence the total number of organisms that rub against 
the projected portion or line of closure of the valve. The third factor 
increases the duration of such contact. All these elements by their 
very nature predispose toward bacterial implantation. 

Over and above this, the insufficiency produces additional contact 
of organisms with the line of closure. This takes place during the 
diastolic backflow when, as the blood returns to its chambers, it again 
selectively brushes by the line of closure in vastly greater quantities 
than by the remainder of the valve (fig. 2). This diastolic backflow, 
as mentioned, may be considerable (from 5 to 50 per cent of the systolic 
discharge) . 

Furthermore, it is clear that any frictional resistance tends to make 
the contact between the valve surface and the blood stream more intimate. 
Such resistance is encountered in stenotic hearts. This is so because 
resistance is approximately proportional to the square of the velocity 
and inversely to the cross section of the orifice (Best and Taylor In 
rheumatic stenosis, there are present both an increased velocity and a 
narrowed orifice, each of which increases resistance, intimacy of contact 
and hence the chances for implantation of bacteria. The minute “platelet 
thrombi” described by Grant, Wood and Jones, may be an additional 
source of increased resistance. 

So much for the majority of cases of bacterial endocarditis. 

2. Susceptibility of Congenital Lesions to Bacterial Endocarditis . — 
The predisposition of congenitally abnormal valves to bacterial endo- 
carditis is well known. However, in practically all such cases, with the 
exception of that of the bicuspid aortic valve, there is an obvious, self- 
explanatory defect in mechanics whereby abnormally great tension and 
impact are transmitted to a region not designed therefor, for example, 
a patent ductus arteriosus, a patent foramen ovale, septal defects and 
valvular stenosis. The predisposition of the “so-called congenitally 
bicuspid aortic valve,” on the other hand, is not quite so easily explained. 
This is apparently not an uncommon finding. Thayer’-® reported an 
incidence of 7 per cent, and E-ewis and Grant ®® one of 26 per cent, of 
bicuspid valves in their cases of subacute aortic bacterial endocarditis. 
Abbott”® stated that of 40 hearts with bicuspid valves, 18, or 45 per 
cent, showed lesions of bacterial endocarditis. 

32. Wiggers, C. J.: Circulation in Health and Disease, Philadelphia Lea & 
Febiger, 1937, pp. 686-690 and 652-653. 
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Recently Gross emphasized convincingly that these lesions, par- 
ticularly those in adults, are most often on an inflammatory (rheumatic) 
basis — rather than congenital — with resultant fusion of cusps. This 
would tend, of course, toward stenosis and insufficiency. As a matter 
of fact, according to Abbott, stenosis and insufficiency are fre- 
quent concomitants of valves of this type. On this basis, the principles 
outlined in the foregoing discussion of the dynamics of stenosis and 
insufficiency are directly applicable to aortic bicuspid valves in adults. 

3. Predominance of Lesions on the Left Side. — The predominance 
of lesions on the left side of the heart has long been appreciated. The 
difference in pressure on the two sides has been the most logical and 
most apparent cause given. However, if there were such a relationship 
here, one might expect the ratio between the incidence of right-sided 
lesions and the incidence of left-sided lesions to be approximately similar 
to the ratio between the pressure in the pulmonar)’- artery and the 
pressure in the aorta. Therefore, the incidence of right-sided bacterial 
endocarditis was compiled from the combined series of Blumer,^® Lib- 
man,^^ Clawson,® Horder and Thayer.^® In a total of 859 cases, 
10.3 per cent involved the right side of the heart. The pulmonary arterial 
pressure is about one sixth or 16.6 per cent of that of the aorta (Wig- 
gers,®® Best and Taylor^®). These figures — 10.3 per cent and 16.6 per 
cent — are sufficiently close to be at least consistent with a possible 
relationship. 

Another pertinent fact concerns the incidence of lesions on the right 
side in cases of acute and cases of subacute endocarditis. An analysis of 
Thayer’s figures shows that there is a distinctly greater incidence of 
lesions on the right side in the cases of acute than in the cases of sub- 
acute endocarditis. Furthermore, Libman’s statistics reveal that 26.8 
per cent of 56 cases of acute bacterial endocarditis involved the right 
side, whereas “only 1 in OA’^er 100” cases of the subacute variety were 
on this side. Kaufman ®® also stated that endocarditis of the acute type 
more commonly involves the right side. Although Clawson’s ® data do 
not confirm this conclusion, there is abundant evidence in support of it. 
In other words, there seems to be a generally greater tendency for the 
virulent rather than the relatively avirulent organisms (e. g.. Strepto- 
coccus viridans) to involve the right side. The reason suggesting itself 
is that the necessity for pressure, impact and contact diminishes as the 
virulence increases. Additional evidence tending to substantiate this 
view may be had from Thayer’s figures on preexisting valvular disease. 

34. Gross, L. ; Arch. Path. 23:350, 1937. 
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S. P. Reimann, Philadelphia, P. Blakiston’s Son & Co., 1929, vol. 1, p. 30. 
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A preexisting deformity was found in 22 per cent of the cases of 
gonococcic endocarditis, 35 per cent of the cases of pneumococcic endo- 
carditis and 45 per cent of the cases of staphylococcic endocarditis. On 
the other hand, such a valvular deformity was present in 82 per cent of 
the cases of subacute bacterial endocarditis due to streptococci. This also 
seems to indicate that the necessity for the deformity with the resultant 
changes in impact and contact diminishes as the virulence of the organ- 
ism increases. That this should be so is perfectly natural and ties up 
with the entire concept herein advanced. 

4. Rarity of Bacterial Endocarditis in Patients zvith Auricular Fibril- 
lation Secondary to Rhetimalic Mitral Stenosis. — Finally, there is the 



Fig. 3. — Acute bacterial ciiclocarditis superimposed on a rheumatic fibroplastic 
deformity. This occurrence illustrates the importance of the mechanism of 
selective impact. Note that the vegetation localized beneath the projecting shelf, 
which bore the brunt of impact, rather than at the line of closure, which in this 
case happens to be thin, flexible and able to give way with the stream. 

well recognized fact that bacterial endocarditis is rarely implanted in a 
fibrillating heart (Libman^^- Fishbcrg=-). Many equivocal explana- 
tions have been offered.^'’" among them the correlation with the degree of 
mitral stenosis, the integrity of the myocardium, the grade of immunity, 
the short life expectanc}- of patients with auricular fibrillation and mitral 
stenosis, and finally mere chance distribution. Each of these theories 


36a. Segal, lif. S,: Am. Heart J. 11 : 309, 1936. 
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has been challenged, and Fishberg concluded that no adequate explana- 
tion has thus far been offered. It may be of interest; therefore, to 
analyze briefly the circulator}'’ dynamics of this arrhythmia. 

In auricular fibrillation, "forcible ejection into the ventricle does not 
occur” (Best and Taylor By the very mechanism of irregular 
fibrillatory contraction, the important factor of resistance and impact 
against the valve is reduced to a minimum, as the blood drools through 
the valvular orifice. This of itself suggests a possible explanation for the 
failure of implantation on only the auriculoventricular valves. With 
regard to the semilunar valves, auricular fibrillation produces several 
changes in hemodynamics ■which reduce impact and contact with these 
valves : 

1. Fishberg states that "the evidence is unequivocal that auricular 
fibrillation tends to decrease the cardiac output” ( Smith and others ; 
Kerkhof Harrison and others 

2. The ventricular rate is generally rapid, thus impeding diastolic 
filling and the force of contraction. 

3. Finally, contractility is often not fully restored with each impulse; 
therefore the valve frequently opens feebly, as indicated by the pulse 
deficit. 

In other terms, auricular fibrillation produces a distinct reduction in 
the potency of impact and frictional resistance, especially at the line of 
closure. It is maintained that the possibilities for implantation of bac- 
terial vegetations are thereby correspondingly reduced. One does not 
wish to imply, however, that other factors may not play an auxiliary role. 

COMMENT 

In review, it is emphasized that any theory purporting to explain the 
mechanism of localization of bacterial vegetations must be challenged 
by at least four basic clinical and pathologic facts concerning endo- 
carditis. Each of these has been discussed separately, and throughout 
the discussion the same principles have been employed to account for 
these facts in spite of their apparent diversity. However, it must be 
stressed that the concept of impact and contact attempts to explain not 
why implantation occurs but simply why implantation occurs at a particu- 
lar site. It is felt that in all probability this localization takes place after 
the stage has been set by a generalized altered reaction of tissue or 
immunity. Evidence for this is furnished not only from clinical material 

37. Smith, W. C. ; Walker, G. L., and Alt, H. L. : Arch. Int. Med. 45:706, 
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(Swift Hector but from the sensitization experiments of Rose- 
now,^" Semsroth and Koch,-'* Freifeld,"*® Birkhaug,** Kinsella,^® Wright 
and others. 

SUMMARY 

In from 50 to 75 per cent of cases bacterial endocarditis is super- 
imposed on rheumatic endocarditis. Rheumatic endocarditis commonly 
produces a valvular fibroplastic deformity with stenosis. This lesion 
takes the form of a projecting shelf or barrier, usually at the line of 
closure, against which the blood stream strikes. By virtue of this 
obstruction to the systolic discharge (manifested by myocardial hyper- 
trophy) the site of the deformity suffers a distinctly greater impact and 
contact than the normal valve leaflet, which “gives” or yields with the 
stream. This contact with the blood (and organisms in a bacteremia) is 
further enhanced by the diastolic backflow due to insufficiency — the 
usual concomitant of stenosis. The role of these dynamics in the localiza- 
tion of vegetations is suggested. 

This same mechanism applies to congenital lesions including the 
“so-called congenitally bicuspid aortic valve.” 

Attention is called to the fact that the outflow surface of all valves, 
normal or deformed, comes in contact with a much greater area of 
blood (and toxic agents) than the opposite surface. The significance 
of this in the localization of vegetations is stressed. 

An explanation based on the same principles is offered for the 
rarity with which auricular fibrillation is complicated by bacterial 
endocarditis. The possibility of the influence of other auxiliary factors 
is not precluded. 

It is pointed out that there is an increased tendency for acute rather 
than subacute endocarditis to occur on {a) valves not previously 
deformed and (&) valves of the right side of the heart. This fact is 
correlated with the principles of impact and contact. 

1 East One Hundredth Street. 
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STUDIES OF HUMAN OVA 


I. DESCRIPTION OF ARTIFICIALLY INDUCED PARTHENOGENETIC 

ACTIVITIES IN ONE 

STANLEY P. REIMANN, M.D. 

AND 

BERNARD J. MILLER 

PHILADELPHIA 

The eggs of invertebrates are capable of parthenogenetic develop- 
ment, and many species normall}’’ multiply by this process. Not only 
this, but Loeb,^*' Allen and Bonta and others have shown that the eggs 
of many species that do not normally multiply by parthenogenesis can be 
made to undergo parthenogenetic division by mechanical stimulation or 
by treatment with various organic acids and many other substances. For 
obvious reasons, mammalian parthenogenesis has not received as much 
attention. Loeb - and others have shown that parthenogenesis can take 
place in the ovarian eggs of the guinea pig, but there seems to have been 
no direct application of experimental methods to human tubal eggs for 
the purpose of inducing cleavage or other cellular activities. The human 
tubal oimm has remained uninvestigated except as to its morphologic 
character. 

From the pathologic as well as many other points of view partheno- 
genesis in the human ovum is of gi'eat interest. 

For many years, dermoid cysts, teratomas, certain hamartomas and 
other tumors have been said to have parthenogenetic origin from ova, 
and this origin would probably be accepted as possible by most observers 
if some one would only find that the human ovum can, in fact, become 
active parthenogenetically. In his monograph ® Bosaeus reviewed the 
literature and findings, detailed experiments on parthenogenetically 

From the Lankenau Hospital Research Institute. 

In this investigation we were assisted by a grant for research on growth 
from Mrs. William Nax and by special equipment from an anonymous donor. 

1. (a) Loeb, J.: Univ. California Publ., Physiol. 1:7, 1903. For discussion 

and literature see Morgan, T. H. ; Experimental Embryology, New York, Colum- 
bia University Press, 1927, pp. 537-593. (6) Allen, E., and Bonta, A. M. : J- 

Morphol. 48:123, 1929. 

2. Loeb, J.: Anat. Rec. 51:373, 1932, 

3. Bosaeus, W. ; Beitrage zur Kenntnis der Genese der Ovarialembryone ; 
Experimentelle Untersuchungen fiber parthenogenetische Ovarialgraviditat bet 
Amphibien, Uppsala, Almqvist & Wiksells, 1926. 
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developed amphibian ova and reached the deduction that the human ovum 
can probably become active parthenogenetically. This is now shown to 
be the case as described in subsequent paragraphs. 

In addition, the doctrines of multiple and excessive potency are of 
great interest to oncologists.* The potenc)'^ displayed by the ordinary 
nonf ertilized human ovum is nil ; it is now ai^parent that the actual 
potency is greater than the ordinary realization of that potency, just as in 
all other cells in which there still remain some powers of differentiation. 

Details sufficiently accurate for these experiments of the ovulatory 
period in the human female are sketchily known. Allen, Pratt, Bland 
and Newell,'’’ by a study of five human tubal ova recovered on the 
fourteenth, fifteenth and sixteenth days and a study of the appearance 
of the follicles from which these ova were discharged, set the period of 
ovulation as between the eleventh and the thirteenth day after the onset 
of the last menses. With a potentiometric device Burr and Musselman ® 
recorded a sharp increase in potential in the human female on the 
fifteenth day befoi'e the onset of the next menses, presumably making the 
period of ovulation the thirteenth day after the onset of the previous 
menses. 

The best chance of obtaining freshly discharged ova seems to be 
within this period, although one of our ova was obtained on the twent}^- 
fourth day after the onset of the last menses. 

To date (Aug. 15, 1938) five have been recovered. Numerous obser- 
vations have been made, which will be published when additional 
specimens have been obtained to clarify certain points, such as density of 
capsule and accumulation of albumin around the ovum. Meanwhile, the 
behavior of the one ovum which became parthenogenetically active on 
“stimulation” will be recorded. None of the other four showed any 
spontaneous changes like it ; nor can we find any mention of such changes 
in human ova by a review of the literature or by personal questions. 

METHOD 

Through the cooperation of the surgical staff, selected patients scheduled 
for h 3 -sterectomy were submitted to operation on the fifteenth or the sixteenth 
daj' after the onset of the last menses. In some cases the specimen consisted of 

4. Reimann, S. P. : Biology of the Cancer Cell, in a Symposium on Cancer : 
Addresses Given at an Institute on Cancer Conducted by the Medical School of 
the University of Wisconsin, Madison, Wis., University of Wisconsin Press 1938 
pp. 114-134. 

5. Allen, E. , Pratt, J. P. ; Bland, L. J., and Uewell, Q. U. r Human Tubal 
Ova ; Related Early Corpora Lutea and Uterine Tubes, Publication 414, Carnegie 
Institution of Washington, 1930; Contrib. Embryol. 22:45-76, 1930. 

6. Burr, H. S., and Musselman, L. K.: Yale J. Biol. & Med. 9:155, 1936. 
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the uterus, both tubes and both ovaries; in some cases only one tube was removed. 
Regardless of the kind of specimen, as soon as possible after it was removed, 
the tubes were cut from the uterus. A no. 20 Luer type needle was inserted into 
the fimbriated end and 10 cc. of Locke’s solution was gently forced through. The 
washings were collected in watch crystals. Ova rapidly settle to the deepest 
portion. Photomicrographs of the ova were taken at any and every stage which 
seemed interesting by a Leica micro camera attachment. In some cases the ova 
were transferred to a hanging drop of human serum and then placed on the 
warm stage of a microdissecting apparatus. In other cases the original watch glass 
was used. But further details of this will be published with the observations 
on the respective ova, together with experiences in the use of rabbit and rat ova. 

DESCRIPTION OF PARTICULAR OVUM 

The specimen was obtained July 18, 1938, from a colored woman 
aged 35 years, whose periods averaged twenty-eight days. The flow 
lasted usually five days andvwas profuse. On the fifteenth day after the 
onset of her last menses, a specimen was removed at operation, consisting 
of two fallopian tubes, a fibroleiomatous uterus and one ovary. The 
ovary was soft and pink-gray, and had been partially resected at a 
previous operation. The other ovary was not removed. 

The tubes were cut from the uterus and then washed with Locke’s 
solution into watch crystals. The ovum was identified under low power 
and transferred to a hanging drop of human blood serum to which had 
been added a droplet of ethyl ester of acetic acid. The preparation was 
then placed in a warm, moist chamber. 

The ovum on first appearance was rather large and quite uniform 
(fig. 1 A). On closer observation, it was found to be expanded against 
the internal surface of the zona pellucida. The zona pellucida was clear 
and uniform, appearing as a shell totally investing the contained vitellus. 
There was no perivitelline space since the ovum Avas everywhere in 
contact with the zona pellucida. At one point on the peripheral margin 
of the vitellus, directly beneath the zona pellucida, there was a marginal 
darkness which appeared to be a polar body. When the ovum was rolled 
over on the opposite side, this body became more evident. On focusing 
at different levels a darker central portion was seen. There were no 
vacuoles, and as far as observation could determine the ovum appeared 
fresh. The cytoplasm was not uniform in composition, and thus the 
ovum was slightly older than other specimens. (In younger specimens 
the cytoplasm is said to be more homogeneous.) Various-sized yolk 
granules were seen, and variations in the color of these granules were 
also observed. 

The cytoplasm of the ovum was largely composed of small yolk 
granules. These granules were quite translucent to light and were 
tinged faintly yellow. The larger granules were more opaque to light 
and were more deeply colored. One large chromophoric body was 
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observed near the margin of the ovum. This body appeared to have 
radiating strands directed toward the zona pellucida and toward the 
central portion. The largest strand was directed toward the zona 
pellucida ^\hile the smaller strands were directed toward the central 
portion of the ovum. The dark yellow granules were but four in number 
and were evenl}^ distributed throughout the ovum. 

Within a half hour after being first seen, the ovum was transferred 
to a hanging drop of freshly drawn blood serum, to which had been 



Fig. 1. — A, first appearance of the ovum, 89.6 microns in diameter; B, ovum 
rolled over on the other side to show chromophoric bod}'; C, ovum rolled over 
with chromophoric body almost out of view to show furrow more distinctly; 
4 mm. objective X 10 periplan. ocular; tube length, 160 mm.; photographic enlarge- 
ment, X 11- 

added a droplet of etbyl ester of acetic acid. This is known to stimulate 
parthenogenetic development in lower forms (Loeb). In transferring 
the ovum from Locke’s solution a very small amount of calcium ion was 
necessarily introduced into the medium. The moist chamber was placed 
on the warm stage of the microdissecting apparatus, and both needles 
were brought into the field. The right hand needle was then brought 
to bear against the ovum and slight force exerted. The zona pellucida 
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ofifered some resistance to the entrance of the needle. As the needle was 
forced against the zona, a small indentation was produced, which dis- 
appeared just as soon as the needle was withdrawn. This seems to indi- 
cate that the zona pellucida is slightly elastic but tough. When more 
force was exerted on the vertical control, the needle entered the ovum 
very quickly. This jerk}^ entrance into the ovum likewise indicates that 
the zona pellucida is tough.'^ On entrance the needle encountered no 
difficulty in further progress. 

The needle was quickly removed from the ovum. Twenty minutes 
after the puncture the ovum underwent a definite cytoplasmic change. 
The zona pellucida became considerably thinner at one pole, while the 



Fig. 2. — A, ovum when first transferred to microdissecting apparatus; B, 
ovum ten minutes after puncture ; C, first extrusion, with crater in ovum ; D, 
beginning of second extrusion; E, second extrusion; F, last stages in disin- 
tegration. 

c 3 ^toplasm protruded directly beneath the now thinner zona pellucida. In 
about five minutes this cytoplasmic pseudopod had pushed itself out 
beyond the peripheral margin of the ovum and remained attached by a 
stalk, visible in figure 2 B. The base of the stalk then became constricted 
and in a very short time detached itself and assumed a spherical shape. 
Within a few minutes the small polar bod}'^ migrated to a distance from 
the ovum (fig. 2 C). 

The extrusion of the body left the ovum altered in appearance. That 
portion which had previously extruded the polar body now appeared as a 

7. Dr. Georg S. de Renyi, in a personal communication, states that he has 
observed similar toughness in the rabbit’s ovum. 
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very deep crater with a rough margin (fig. 2 C). Within five minutes 
the crater disappeared, and the ovum remolded itself. After another 
twenty minutes the ovum again showed signs of similar activity. A small 
peripheral gi'anule again appeared directly beneath the zona pellucida 
(fig. 2D). Although a bit slower than the first, the second body was 
also cast free from the ovum in about twenty -five minutes (fig. 2£). 
After the extrusion of the second polar body, the ovum again showed a 
crater but one not quite as deep as the first one (fig. 2 E). The second 
polar body was a bit larger than the first but except for this dift'erence 
was quite similar in appearance. After the extrusion of the second polar 
body, the ovum began showing dianges that were undoubtedly stages in 
disintegration of the cell. Large peripheral vacuoles appeared in the 
region from which the polar bodies had been extruded, and the cytoplasm 
became increasingly more granular. The zona pellucida remained intact 
on the side that was not involved in the extrusion of the polar bodies. 
In figure 2 F the cell is shown about five hours old. in the final stages of 
disintegration. 

During the course of this activity, another phenomenon was observed, 
which obviously could not be investigated in a stained preparation with- 
out sacrificing the other observations. A furrow was formed in the 
vitellus beginning from the dark chromophoric body previously men- 
tioned (fig. 1 C). On one side the furrow was incomplete, but when the 
ovum was gently rolled over on its other side the furrow was seen as a 
moderately deep crater traversing the entire ovum (fig. ID). During 
the extnision of the polar body the furrow increased in size but little. 
Its appearance was exactly that of the cleavage furrow seen in tissue 
culture cells. It is interpreted as the beginning of cleavage. INIore experi- 
ence with other human o^•a, as well as with ova of other mammals, in 
relation to mediums, temperature and other factors have now made it 
possible to keep ova in better condition over greater lengths of time. 
Further experiments will probably lead to more complete cleavage, such 
as we have seen in a recent experiment in which we used the same method 
with a rabbit’s ovum. 

COMM EXT 

Polar body fragmentation of the type just described has been 
observed in the unfertilized ova of the mouse and rabbit.® According 
to Pincus, this t\’pe of activity represents a very irregular tvpe of 
segmentation.'’ As far as we can discover, it has never been observed 
as a spontaneous process in the human tubal ovum, nor has this process 
ever before been artificially .stimulated in any mammars ovum. 

8. Pincus. G. G. : Proc. Roy. Soc., London. s.B 107:132. 1930. 

9. Personal communication to the authors. 



418 


ARCHIVES OF PATHOLOGY 


Further, according to Pincus, polar body extrusion of this type is 
characterized by the formation of a deep crater. This we have clearly 
observed in the extrusion of both polar bodies. Thus when the division 
of the ovum into polar body and oocyte is about to take place, the spindle 
is arranged so that one pole is incorporated in that part of the ovum that 
is destined to be the polar body and the other part of the spindle remains 
eccentrically placed in the ovum. When division finally takes place, the 
pole of the spindle remaining in the ovum is rapidly pulled down into 
the central portion, causing the peripheral part of the ovum that was 
involved in the extrusion to be pulled down with it. This forms the 
crater.® For this reason we feel certain that the parthenogenetic activity 
of this ovum was truly that in which polar bodies are extruded. On the 
other hand, conclusive demonstration of mitosis is best obtained from a 
specimen which has been fixed and stained, procedures which, as stated, 
could not be carried out without sacrificing further observation. But 
other ova will be prepared in this manner, and the results will be reported 
in a later paper. Further reasons are that the activity could not have 
been a surface precipitation reaction, because if it had been due, for 
example, to the presence of a small amount of calcium ion it would have 
taken place many times faster than it did.^® Then, the second polar body 
was extruded without any mechanical stimulation. The ovum was 
initially stimulated, and this process followed minutes after. 

^ SUMMARY AND CONCLUSIONS 

Five unfertilized human tubal ova have been recovered from fallopian 
tubes of patients operated on for fibroleiomyoma and other noninflamma- 
tory pelvic conditions especially on the fifteenth and sixteenth days after 
the onset of the last menses. 

Parthenogenetic activities resulting in extrusion of polar bodies and 
the formation of a deep cleft in the oocyte are described as they occurred 
in one particular unfertilized tubal ovum after mechanical stimulation 
in a medium of human blood serum containing a minute trace of the ethyl 
ester of acetic acid. The details of observations and experiments 
with four others will be published later, when a number of additional 
specimens have been studied to clarify certain special points. 

It is concluded that the human ovum is capable of being artificially 
stimulated to parthenogenetic activity. 

The implications of this finding are many and varied. There are 
mentioned but two: its relation to dermoids, teratomas, etc., and its 
bearing on concepts of potency. 

10. Heilbrunn, L. V.; General Physiology, Philadelphia, W. B. Saunders 
Company, 1937, pp. 79, 81 and 542-546. 



RARE LOCALIZATIONS OF HYDATID DISEASE 

IN TURKEY 


REPORT OF A CASE OF PLURIVISCERAL ECHINOCOCCOSIS 

PERIHAN CAMBEL, M.D. 

ISTANBUL, TURKEY 

Echinococcosis is not a rare condition in Turkey. The parasite that 
is usually met with is Echinococcus hydatidosus. No infection with 
Echinococcus alveolaris has been observed in Turkey that I know of. 
Hydatid disease in this as in other countries is usually seen most fre- 
quently in the liver and in the lungs. Rare localizations have been the 
subject of several publications. Iqgoren,’^ in a case of hj'datid cyst of 
the left lung, observed roentgenologically a cyst of the left tibia with a 
fistula which had been caused by trauma. Microscopic examination of 
the contents of the cyst in the tibia proved the cyst to be due to the 
echinococcus. 

Schiikru-Aksel - at a postmortem examination observed primary 
hydatid cysts in the spleen, which weighed 10 Kg., and in the mesen- 
terium. Neither the liver nor the lungs showed any involvement. In the 
discussion of this case Avni Aksel mentioned the observation of a young 
boy who showed generalized echinococcosis of the peritoneal cavity after 
an operation for appendicitis ; about 40 hydatid cysts were removed. 
Exploration of the liver and the spleen of this patient showed multiple 
cysts in both organs. Lutfi Aksu mentioned a necropsy in which gen- 
eralized peritoneal echinococcosis was observed. 

F. Kamil (cited by Cetingil and (^etingil ® each published a case 
of echinococcosis involving the kidney. In the case observed by the 
latter, hooks and leukocytes were seen in microscopic examination of 
the urine and of the fluid obtained by puncture of the pleura. On the 
sixth day of the patient’s stay at the clinic he vomited 200 cc. of pus 
containing leukocytes and hooks. Er'en then no evidence of a cyst could 
be seen in any part of the lungs. The cyst of the kidney had perforated 
through the diaphragm into the lung. The patient was sent to the 

From the Laboratory for Pathological Anatomy, Gureba Hospital. 

1. Iggoren, K. N.; Turk tib cem. mec. 1:517, 1935. 

2. Schiikru-Aksel, I.: Tiirk tib cem. mec. 2:38, 1936. 

3. Qletingil, A. I.: Turk tib cem. mec. 2:61, 1936. 
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urologic clinic for nephrectomy. Nissen observed periodic appearances 
of hydatid cysts in the urine. The right kidney of his patient was 
removed. The same author/ while operating on a patient for periodic 
obstruction of the common bile duct and cholangitis, had to remove 
multiple cysts after, choledochotomia. A big echinococcic cyst of the 
convex face of the liver had been originating them. 

H. Hamdi and Tevfik Saglam reported a case of primary hydatid 
cyst of the heart, and Hazim Bumin,® a case of primary hydatid cyst of 
the left breast in a woman 25 years of age. In the Hamdi Museum of 
the Gureba hospital there is a hydatid cyst, 8 cm. in diameter, in a liver 
with atrophic cirrhosis. 

It appears from this account that there may be primary or secon- 
dar3>- involvement of organs other than the liver or the lungs. It is an 
accepted fact that the “hexacanthe embryo” has to pass the first filter 
(liver) and then the second filter (lungs) before it can penetrate into 
the great arteidal circulation. According to Sabadini," the most frequent 
localizations are in the liver (75 per cent) and the second most fre- 
quent are in the lungs (10 per cent). This leaves only 15 per cent of 
the cases in which other organs, such as those mentioned in the foregoing 
review, are involved. 

REPORT OF CASE 

A 53 year old miller, born in Pristine, Albania, had been admitted to the second 
medical clinic of the University of Istanbul, Nov. 4, 1937. An exploratory 
laparotomy disclosed peritoneal echinococcosis. Removal of the cysts proved to 
be impossible. It was decided, also, that certain tumoral elevations of the 
diaphragm seen roentgenologically were hydatid cysts. The patient died April 
29, 1938. 

Necropsy . — The body was that of a hairy man, 170 cm. in length and 
cachectic. The abdomen was extremelj^ swollen. The umbilicus was obliterated 
by the scar of an operation — a scar 15 cm. long, beginning in the epigastric region. 
When the abdominal cavity was opened, implantation cysts were seen between 
the skin and the rectus muscles and between the muscles and the peritoneum 
(fig. l^"). The peritoneum contained about 500 cc. of a clear 3 ^ellowish fluid and 
was filled with multiple cysts, adhering partly to one another and partly to 
the abdominal wall. The adhesions were usually so firm that the cysts could 
be separated only bj' the knife. It was impossible to separate those of the 
abdominal wall from those of the liver. Still the bile ducts were absolutely 
free and the bowels colored. The intestinal loops were almost loaded with cysts, 
and the small pelvis was filled with them. Nowhere was there a sign of intestinal 
obstruction. Here and there thin walled cysts, pedunculated, were hanging free 
in the peritoneal cavity. Some of the cysts consisted simply of mother cysts; 
others contained daughter and granddaughter cysts. A great cystic tumor, almost 

4. Nissen, R. : Tiirk tib cem. mec. 2:464, 1936. 

5. Nissen, R. : Tiirk tib cem. mec. 2:507, 1936. 

6. Bumin, Hazim; Tiirk tib cem. mec. 4:262, 1938. 

7. Sabadini, L. ; Les k 3 'stes hydatiques de la rate, Paris, Masson & Cie, 1936. 
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Fig. 1.— Ilydnlid cysts revealed in section of tlic liver, L. Note the bulk of 
cysts adherent to the lower surface of the liver and the abdominal wall, 5'. 



Fig. 2.— Afass of peritoneal implantation cysts. A designates the appendix. 
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filling the left half of the abdominal cavity, proved to be the spleen. The 
diaphragm showed cystic involvement on both sides and was pushed up by the 
liver and spleen. 

The liver with the cysts adhering to it weighed 5,220 Gm. The parenchyma 
of the liver contained several large cysts and was greatly reduced. 

The spleen weighed 1,820 Gm. and contained equally numerous hydatid cysts, 
lined in part bj' the splenic tissue, which was increased. 

The appendix had been obliterated by small cysts. The other abdominal 
organs were not involved. 

The heart showed general hypertrophy and slight dilatation, especially of the 
conus arteriosus. 

Both lungs adhered firmly to the parietal pleura. The right lung contained 
two sacciform bronchiectases toward its apex. In the upper lobe of the left 
lung a cavity almost the size of a Maltese orange was observed, which contained 
dirty greenish pus and drained into a bronchus. The pulmonary tissue surround- 
ing it was infiltrated. 

•No localizations were found in the bones. There was general hydremia. 

Microscopic Examinaiion . — The clear colorless liquid of the cysts was centri- 
fuged and found to contain rare hooks. 

The cyst walls were constructed of rarely cellular, mostly collagenous con- 
nective tissue, showing inflammatory infiltrations of small lymphocytes and histio- 
cytes. Inside of the outer cystic wall the inner cystic wall, consisting of concentric 
layers of chitin, formed many folds. No eosinophils were observed. It is interest- 
ing to note that their absence coincided with negativity of the Cazoni test; hence 
the patient must have been in a nonallergic state. 

The wall of the abscess in the lung was of the same structure as the outer con- 
nective tissue walls of the cysts, so that it may be concluded that the abscess cavity 
was the remnant cavity of a hydatid cyst drained by the bronchus and suppurating 
secondarily. The content of the surrounding alveolar spaces was partly plasma 
and partly alveolar cells. The alveolar walls had been thickened by an increase 
in connective tissue. Some alveolar spaces had even been completely obliterated. 

The liver cells had stored lipofuscin. Their protoplasm was granular. The 
spaces between them had enlarged. The reticular cells were edematous. In some 
places the chains formed by the liver cells were loosened, and single cells, isolated 
from one another, were to be seen. These alterations could be taken as preliminary 
signs of toxic hepatitis. 

The spleen showed signs of fibrosis and stasis. 

COMMENT 

It is said that the frequency of hydatid cyst of the spleen shows 
geographic variations. Involvement of this organ is rarest in Iceland 
(according to Finsen, the incidence is 0.78 per cent) though in that 
country hydatid disease is of great frequency. Hydatid disease of the 
spleen is said to be more frequent in Russia than in Germany or France. 
The greatest incidence of the condition is said to be observed in Italy 
and. Algiers, Algeria (4, 6 and 10 per cent, according to different 
authors). It is doubtful wdiether these figures have the significance of 
absolute values. In Turkey hydatid cyst of the spleen seems to be a 
relatively rare form of echinococcosis. 
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The first report of a case of hydatid disease of the spleen was pub- 
lished by Berthelot (1790). Sabadini ^ in his excellent monograph on 
this subject cited 288 cases that had occurred since that date. Among 
reports of more than 200 observations consulted, mention was made o'f 
only 10 instances in which the spleen presented a multiplicity of cysts. 
In 6 of these the spleen contained only two cysts ; in the others, three, 
four and six. In the spleen described here twelve cysts of different sizes 
were counted, which shows it to be a rare specimen. 

According to Deve, a massive arrival of cysticerci in the splenic 
parenchyma is very rare. Sabadini proposed two pathogenic possi- 
bilities : ( 1 ) the passage of several cysticerci through the hepatopulmo- 
nary filters; (2) an exogenous vesiculation originating from the 
primordial vesicule. The first possibilit)'^ has been accepted by many 
authors. 

Splenic hydatid disease ma)'' be associated with other visceral localiza- 
tions, as in the liver, the peritoneum or the liver and the peritoneum. 
The peritoneal involvement is secondai'y to perforation of hepatic or 
splenic cysts. Therefore the peritoneal cysts are called metastatic 
implantations. 

The rarest type of plurivisceral localization seems to be simultaneous 
involvement of the lungs and spleen ( Michon ; Angelescu ; V erequunov ; 
Hermann — all cited by Sabadini’). Goyrand-dAix observed coex- 
istence of splenic and pulmonary cysts with a cyst of the ligamentum 
latum uteri. Martin observed four cysts of the spleen, one of the lung 
and fiA'^e of the omentum. 

It is clear that the extent of the peritoneal generalization, the poly- 
cystic obliteration of the appendix, the multiple diaphragmatic, hepatic 
and splenic cysts coexisting with a drained but secondarily suppurating 
pulmonary cystic cavity make my case an instance of one of the rare 
t3fpes of plurivisceral localization. Concerning the splenic cysts, I believe 
that they resulted after the passage of cysticerci across the tAvo filters. 
Concerning the peritoneal cysts, I think that they may have originated 
in tAvo different ways : The first might have been by perforation from 
the liver and possibly also from the spleen, after Avhich the cysticerci 
Avould have become implanted on the peritoneum next to these organs. 
As neAv A^esicles Avere found hanging free in the peritoneal caAdt}’-, I 
belieAfe that the aforementioned implantations gaA^e rise, in turn, to 
exogenous groAA^th of these vesicles. 

SUMMARY 

A short revieAv has been made of cases of rare localizations of 
hydatid disease as i-ecorded in Turkey. A I'are case of plurivisceral 
echinococcosis involving the liver, diaphragm, left lung, spleen, perito- 
neum and appendix is reported and discussed. 
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Experimental endocarditis and its relation to the genesis of the dis- 
ease in man has for more than fifty years been a problem not satis- 
factorily solved. The subject was brought to our attention when we 
encountered, quite accidentally, acute endocarditis in a dog following 
an intrai'^enous injection of streptococci. 

In experiments designed to produce meningitis, Ave were attempting 
to increase the virulence of a strain of beta hemolytic streptococcus 
by passing it through the blood sti*eam of dogs. At autopsy of one of 
these animals we incidentally found vegetative endocarditis. Realizing 
that experimental endocarditis, despite much investigation, remains a 
matter of considerable confusion, we became interested in it. 

Because much new work has been done in this field, it may be 
advisable to discuss briefly the present conception of the genesis of 
experimental endocarditis. According to the literature, positive results 
have been obtained by four general methods : ( 1 ) mechanical procedures 
with intravenous introduction of virulent bacteria, (2) simple intra- 
venous injection of bacteria, (3) production of a bacterial focus in the 
bod}'- and (4) preliminary injection of predisposing substances, Avith 
subsequent intravenous injection of virulent organisms. 

In the earliest instances experimental endocarditis Avas produced by 
mechanical means.’- One method consisted in producing injuries of the 
valves Avith sharp instruments introduced through the great vessels and 
then injecting Aurulent organisms intravenously. Using this procedure, 
Kinsella and Hayes * produced endocarditis regularly. Another mechan- 
ical method Avas the intravenous injection of bacteria in mediums com- 
posed of large particles, such as pulverized carbon,^ potatoes,"* emulsion 

From the Department of Pathology of the Nelson Morris Institute, Michael 
Reese Hospital. 

1. Rosenbach, O. : Arch. f. expcr. Path. u. Pharmakol. 9:1, 1878. 

2. Kinsella, R., and Hayes, C. : Proc. Soc. Exper. Biol. & Med. 24:887, 1927. 

3. Fulci, F. : Beitr. z. path. Anat. u. z. allg. Path. 44:349, 1908. 

4. Ribbert, cited by Lissauer, M.: Centralbl. f. allg. Path. u. path. Anat. 23: 
243, 1912. 
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of carcinomatous cells " or sterile flour.'’ Bonome ‘ used cultures of 
staphylococci which grew in large clumps. He assumed that bacterial 
emboli, thus, formed, caused the endocarditis. 

The reliability of the simple intravenous injection of bacteria in the 
production of endocarditis varies in the hands of different investigators. 
Although sporadic positive results have been obtained, there is agree- 
ment among most workers in the field that this method is entirely unde- 
pendable. On the other hand, Rosenow " reported endocardial lesions 
in 84 per cent of 44 rabbits receiving intravenous injections of large 
numbers of organisms isolated from patients with subacute bacterial 
endocarditis. As a matter of fact, most of the positive experimental 
results have been produced in rabbits; production of endocarditis in 
dogs by the simple intravenous method has been reported in very few 
instances. Lanfranchi ” produced endocarditis in a dog by a single injec- 
tion of staphylococci, and with two injections, administered four weeks 
apart, reproduced endocarditis in another dog. Fox reported positive 
results in 3 dogs on injection of streptococci secured from ]>atients with 
rheumatic fever and puerperal sepsis. Cornil, Mosinger and Haimovici 
were able to produce endocarditis in dogs by a simple intravenous injec- 
tion of streptococci isolated from ])aticnts with endocarditis, but they 
supplied no figures. 

The experiments of Welch, Murdock and Ferguson illustrate the 
third general method for the production of experimental endocarditis; 
They planted foci of Streptococcus viridans in teeth of rabbits, needled 
the hearts of the rabbits and sprayed the throats with influenza bacilli. 
Friedman, Katz and Howell,^" using dogs, established a bacterial focus 
directly in the cardiac cavity by inserting through the thoracic wall a 
bakelite capsule containing blood agar cultures of Str. viridans. By 
this device they produced endocarditis. Birkhaug reported the pro- 
duction of endocarditis in rabbits by introducing intramuscularly a focus 

5. Panichi, L., and Guelfi, C. ; Virchows Arch. f. path. Anat. 198 : 449 , 1909. 

6. Viti, cited by Lissauer, M.; Centralbl. f. allg. Path. u. path. Anat. 23: 
243, 1912. 

7. Bonome, A.: Arch. ital. de biol. 8:10, 1887. 

8. Rosenow, E. C. : J. A. M. A. 65:1687, 1915. 

9. Lanfranchi, cited by Rievel, H.; Ergebn. d. allg. Path. u. path. Anat. 17 : 
2, 1915. 

10. Fox, H. : Centralbl. f. allg. Path. u. path. Anat. 24:529, 1913. 

11. Cornil, L, ; Mosinger, M., and Plaimovici, PL: Compt. rend. Soc. de biol 
122:685, 1936. 

12. Welch, PL; Murdock, T., and Ferguson, J.: J. Lab. & Clin. Med 21 - 
1264, 1936. 

12' Friedman, M. ; Katz, L. N., and Howell, K. ; Arch. Int. Med. 61:95 1938 

14. Birkhaug, K. : J. Infect. Dis. 40:549, 1927. 
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of bacteria in blood agar and subsequently injecting the same organisms 
intravenously. 

Recently much attention has been focused on the procedure which 
includes a preparatory injection of a substance thought to effect a pre- 
disposition to the development of endocarditis in the animal organism 
or in the valve tissues themselves. This preliminary injection of vaccine, 
casein or other substances usually administered intravenously, is followed 
after a varying period of time by an intravenous injection of virulent 
bacteria. 

The efficacy of preparatory injections of specific vaccines has been 
investigated widely. The results have varied too much to be accepted 
without question. After establishing that intravenous injections of 
living cultures of streptococci always produced septicemia in normal 
rabbits, Cowan did obtain endocarditis in 4 of 37 animals which had 
been previously immunized by nonlethal doses of living streptococci 
administered intravenously and subcutaneously. By this method, other 
investigators also occasionally obtained successful results. Dietrich,^® 
for example, was able to produce endocardial lesions with staphylococci 
in 17 of 24 vaccine-treated dogs; Mair,^’^ using pneumococci, observed 
positive results in 7 of 10 immunized rabbits. On the other hand, in 
two series of 31 immunized rabbits Wright,^® working with living 
cultures of pneumococci, obtained endocarditis in only 1 rabbit. 

Freifeld demonstrated that the preliminary immunizing injections 
might also be nonspecific. Eight rabbits were prepared with strepto- 
coccus vaccine and then given injections of living cultures of Staphylo- 
coccus aureus. In 5 of these rabbits endocarditis developed. 
Silberberg produced endocarditis in each of 5 animals, but Thomson 
in only 2 of 12, both authors using colloidal dyes as preparatory sub- 
stances and then injecting staphylococci. Other preparatory materials 
which have afforded some successful results are horse serum,-^ toxins,®® 
epinephrine and notably casein.®® 

Three noteworthy hypotheses have been offered in explanation of the 
effectiveness of the predisposing agent in the production of endocarditis. 

15. Cowan, M. : Brit. J. Exper. Path. 5:226, 1924. 

16. Dietrich, A.: Ztschr. f. d. ges. exper. Med. 50:85, 1926. 

17. Mair,'W.: J. Path. & Bact. 26:426, 1923. 

18. Wright, H. D.: J. Path. & Bact. 29:5, 1926. 

19. Freifeld, H. : Klin. Wchnschr. 7:1645, 1928. 

20. Silberberg, M. : Virchows Arch. f. path. Anat. 267:483, 1927. 

21. Thomson, J. G. ; Beitr. z. path. Anat. u. z. allg. Path. 95:316,. 1935. 

22. Dietrich, W. : Virchows Arch. f. path. Anat. 299:285, 1937. 

23. deVecchi, B. : Sperimentale, Arch, di biol. 86:1, 1932. 

24. Nedzel, A. J.: Arch. Path. 22:724, 1936. 

25. Semsroth, K., and Koch, R. : Arch. Path. 8:921, 1929. 
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One holds that a certain degree of immunity must be produced in the 
experimental animal. Some authorities explain in this way the efficacy 
of preliminary treatment with specific vaccines. Wright^® suggested 
that a local lesion on a valve can occur only in the presence of an 
immunity-inhibiting generalized infection of the body. 

Another theory maintains that endocarditis results from the impair- 
ment of the reticuloendothelial function of the valvular tissue brought 
about by the vaccine, dyes, casein and other preparatory substances. 
In animals that had received intravenous injections of colloidal dyes, 


r T***'*' - 



Fig. 1 (dog 20). — Acute endocarditis of the mitral valve. Note the large 
vegetations, 

histologic examination of the cells in the valves revealed droplets of 
the dye. This is interesting in the light of Silberberg’s tissue culture 
experiments which showed that macrophages containing lithium carmine 
are impeded in their phagocytosis of organisms. Pfuhl described 
pigmentation, vacuolation and destruction of histiocytes in the cardiac 
valves of animals treated with vaccines and casein. Semsroth and 
Koch suggested that there may be a disturbance of the detoxifying 
ability of the valve tissue. 


26. Pfuhl, W. : Ztschr. f. mikr.-anat. Forsch. 17:1, 1929. 

27. Semsroth, K., and Koch, R. ; Arch. Path. 10:869, 1930. 
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The third hypothesis is that the predisposition effected by the various 
preparatory substances consists in an activation (creation of a resorptive 
function) or a sensitization of the valve tissues and that the estab- 
lishment of such a state is a prerequisite for the development of endo- 
carditis. This explanation arose from histologic study of the valve 
tissues in animals given intravenous injections of the various preparatory 
substances only. The principal changes noted in these studies have been 
a definite increase in the size and number of the cells in the valves, 
appearance of histiocytes and edema of the valve tissue. On the other 
hand, Semsroth and Koch were unable to confirm the reports of these 
histologic alterations of the valves in animals given injections of vaccine 
and casein. 

From the foregoing review it can readily be seen that there is 
diversity in both the experimental and the theoretic approach to the 



Fig. 2 (dog 5). — Section through the tricuspid valve. Note the hemorrhages 
and inflammatory cells. Hematoxylin-eosin preparations; X 110. 

problem of experimental endocarditis, particularly in respect to the 
preparatory treatment. Because we found, quite by chance, endocarditis 
in a dog given an injection of streptococci obtained from another dog, 
we attempted to determine whether any preparatory treatment is, after 
all, an essential pi'erequisite to positive i-esults; i. e., whether we could 
not achieve comparable results b}^ the simple intravenous introduction 
or organisms a priori pathogenic for a dog. 

METHODS 

The organism wc used was a beta hemolytic streptococcus isolated from a 
pneumonic lesion in a dog. A culture of streptococcus was sent to us by Dr. I. 
Pilot. The culture was in the smooth phase on blood agar. The organism fermented 
lactose and salicin but not mannitol or sorbitol. There was slight acid formation 
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in the presence of trehalose. The organism was a streptococcus of group C, 
according to the Lancefield precipitin test.^s 

Eighteen to twenty-four hour cultures of the streptococcus in beef heart 
dextrose broth were administered, the number of organisms per cubic centi- 
meter of culture averaging between 1,500,000,000 and 2,000,000,000. The culture 
material was always thoroughly shaken to avoid embolic accidents. The bacteria 
were constantly passed through dogs. Occasionally we used twenty-four or forty- 
eight hour blood cultures (dextrose broth),, positive for hemolytic streptococci, 
secured from other dogs given injections of our organisms. 

The dogs were adult animals of the usual variety supplied to the laboratory. 
Injections were made into the superficial veins of the forelegs. Blood cultures 
were made when indicated. 

After the death of an animal a postmortem examination was made as soon as 
possible. At this time cultures were taken from the heart blood in dextrose broth. 
Microscopic sections were made from the cardiac valves, myocardium and kidneys. 
Routine hematoxylin and eosin staining was done. 

RESULTS 

The accompanying table gives the results obtained in a series of 25 
animals treated in the manner described. All of these subjects died 
spontaneously, apparently as the result of the injection of cultures of 
the streptococcus. 

The table shows that unquestionable endocarditis occurred in 10 
of the 25 dogs (40 per cent). In 8 of these, there was definite gross 
endocardial involvement. In 2 dogs only hemorrhagic foci were seen 
on the valve at autopsy, but subsequently histologic examination dis- 
closed definite inflammatory changes. In 4 dogs endocarditis followed 
a single injection. 

Of the other 15 dogs, 11 revealed bronchopneumonia or pyemic 
lesions, while the death of the remaining 4 dogs must be ascribed to 
bacteremia (or septicemia) alone. Blood cultures were positive for 
hemolytic streptococci during the course of injections as well as at 
autopsy. 

The virulence of the bacteria varied during the fifteen month course 
of the experiments. The animals which were used in “stepping up” 
this virulence and which were therefore given injections of substandard 
organisms were not included in the series. 

COMMENT 

By simple intravenous injection of hemolytic streptococci cultured 
from a pneumonic lesion in a dog, endocarditis was produced in 40 
per cent of 25 dogs. It is noteworthy that in 4 dogs endocarditis was 
produced after a rihgle injection. The quantity of broth injected into 

28. Topley, W., and Wilson, G.; The Principles of Bacteriology and Immunity 
ed. 2, Baltimore, William Wood & Company, 1936. 
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Experimental Endocarditis in Dogs 


Dog 

Intravenous 

Injections 

Amount 

of 

Each 

Injec- 

tion, 

Cc. 

Interval 

Between 

last 

Injection 

and 

Death 

Changes in 
Endocardium 

Comment 

1 

4 in 4 days 

12 

2 days 

Eo changes 

Bacteremia 

2 

4 in 4 days 

15 

4 days 

Acute verrucous 
endocarditis of 
mitral valve 

Slight granularity; small foci of 
polymorphonuclear leukocytes with 
deposits of fibrin 

3 

1 

25 

2 days 

Acute verrucous 
endocarditis of 
mitral valve 

Slight granularity; polymorphonu- 
clear leukocytes, scattered through- 
out valve; increase in mononuclear 
cells; edema; focal myocarditis 


1 

1.5 

4 days 

Acute ulcerative 
endocarditis of 
mitral valve 

Acute myocarditis; multiple 
infarcts of spleen and kidneys 

5 

1 

2 

5 days 

Acute endocar- 
ditis of tricus- 
pid valve 

Hemorrhagic discoloration; poiy- 
morphonuclear leukocytes, fibrin 
and edema 

6 

1 

20 

7 days 

Acute endocar- 
ditis of tricus- 
pid valve 

Hemorrhagic discoloration; polymor- 
phonuclear leukocytes, numerous 
mononuclear cells and fibrin; acute 
and subacute interstitial nephritis 

7 

3 in 4 days 

14 

10 days 

No changes 

Pyemia (abscess in muscles of chest) 

s 

4 in 5 days 

10 

1 day 

No changes 

Bacteremia 

9 

1 

6 20 hours 

(sediment) 

No changes 

Bacteremia 

10 

1 

0 12 days 

(sediment) 

No changes 

Bronchopneumonia 

11 

6 in 7 days 

20 

1 day 

No changes 

Pyemia (abscess in muscles of 
forelegs) 

12 

4 in 5 days 

18 

1 day 

No changes 

Bronchopneumonia 

13 

9 in 12 days 

17 

1 day 

Acute ulcerative 
endocarditis 

Lesion in wall of sinus of Valsalva 

14 

6 in S days 

18 

1 day 

Acute thrombo- 

ulcerative 

endocarditis 

Lesion in wall of sinus of Valsalva 

15 

Sin 3 days 

11 

1 day 

No changes 

Bronchopneumonia 

16 

3 in 4 days 

G 

2 days 

No changes 

Bronchopneumonia 

17 

4 in 4 days 

12 

3 days 

Acute vegetative 
endocarditis of 
aortic valve 

Myocarditis; infarcts of spleen and 
kidney 

IS 

7 in 14 days 

13 

3 days 

No changes 

Pyemia (abscess in muscles of 
forelegs) 

19 

5 in 5 days 

14 

2 days 

No changes 

Bronchopneumonia 

20 

8 in 9 days 

21 

3 days 

Acute vegetative 
endocarditis of 
mitral valve 

Infarcts of spleen and kidneys 

21 

S in S days 

18 

3 days 

No Chang' s 

Bacteremia; acute focal glomerulo- 
nephritis 

22 

7 in 10 days 

15 

3 days 

Acute vegetative 
endocarditis of 
tricuspid valve 

Myocarditis 

23 

5 in 9 days 

20 

2 days 

No changes 

Bronchopneumonia 

24 

5 in 5 days 

20 

2 days 

No changes 

Bronchopneumonia 

25 

C in 7 days 

10 

1 day 

No changes 

Ps’emia (abscess in kidneys) 
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these 4 animals varied so greatly (from 1.5 to 25 cc.) that the number 
of the introduced streptococci could not have played an important role 
in the production of the endocarditis. 

Heretofore this method has yielded sporadic and unreliable results 
at best except in a few isolated instances. Furthermore, although good 
results have been obtained in rabbits, only a few workers have reported 
positive I'esults in dogs. 

The question therefore arises as to why we were able to obtain such 
a large incidence of endocarditis in dogs with the simple intravenous 
injection. One possible explanation lies in the fact that we used strepto- 
cocci isolated from another dog. while previous investigators worked 
with bacteria cultured from human sources. As stated, several workers 
have maintained that a certain degree of immunity in preventing exten- 
sive infection favors the localization of the inflammatory process on 
the valve. It is possible that in our experiments the dogs had some prior 
(natural or acquired) immunity to this organism, which, after all, was 
isolated from a dog. Such immunity, however, was obviously lacking 
in the dogs which showed no endocarditis. 

Dietrich suggested that endocarditis produced by the simple intra- 
venous injection is due to "activation'’ of the valve by I’epeated ])revious 
injections of living organisms over a long period of time. This expla- 
nation is not substantiated by our studies in view of the production of 
endocarditis by a single injection in 4 dogs. However, in the other 
6 dogs, succumbing within from six to twelve days after the first of 
multiple injections, the establishment of such activation might have been 
possible. It is also unlikely that a preliminary impairment of the reticulo- 
endothelial function of the valve occurred, in view of the presence of 
endocarditis after a single injection. Furthermore our results cannot be 
explained according to the theory of elective localization, propounded 
by Rosenow.® inasmuch as the source of the organism was the lung of 
a dog and not the cardiac valve. 

An important point to be considered is the application of these results 
to the development of bacterial endocarditis in man. 

Undoubtedly, the mechanical treatment, particularly the technic of 
preliminary injury, gives reliable results in the experimental animal. 
However, this procedure is not analogous to the development of endo- 
carditis on healthy endothelium-covered valves, as often occurs in man. 
Although the introduction of a focus of inflammation bv the method of 
Friedman and his co-workers also frequently led to endocarditis in 
animals, this procedure does not simulate the genesis of human endo- 
carditis. 

As stated, the hypothesis has been advanced in the last decade that 
there must exist a predisposition in the animal organism prior to the 
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development of experimental endocarditis. The actual production of 
endocarditis after preparatory treatment of the animal has been accom- 
plished fairly constantly by some workers. Yet the data of the various 
investigators reveal that this method is not wholly dependable. 

Our results, on the other hand, were secured without any preparatory 
injections. In fact, 4 of our animals acquired endocarditis after a 
single bacterial injection. The possibility of tbe existence of a natural 
predisposition to the development of endocarditis, of course, cannot be 
eliminated. Our work shows, however, that the artificial creation of a 
predisposing condition is not essential and that with organisms of suffi- 
cient virulence in the blood stream of animals of proper susceptibility 
endocarditis will develop even in the absence of any type of preliminary 
stimulating treatment. 

The fact that bacterial endocarditis can be produced by so many 
methods with such a varied rationale suggests that a large number of 
factors may be involved in the development of this disease. Our experi- 
ments, however, clearly indicate that the presence of none of these 
several factors is essential and that virulent organisms per se in a pre- 
viously healthy subject may be the sole cause of the development of 
acute bacterial endocarditis. 

SUMMARY 

Endocarditis was produced in 40 per cent of 25 dogs by simply injec- 
ting intravenously hemolytic streptococci isolated from a dog. In 4 
dogs endocarditis was produced with a single injection. It is suggested 
that the use of a virulent strain isolated from the same species contrib- 
uted to the positive results. It is concluded that numerous factors may be 
involved in the development of endocarditis. However, the presence 
of these several factors is not essential, for virulent organisms per se 
may cause acute bacterial endocarditis in a previously healthy animal. 



PxVTHOLOGIC CHANGES IN RATS AND IN DOGS FED 
DIETS CONTAINING LEAD AND ARSENIC 
COMPOUNDS 

COMPOUNDS used; lead arsenate, arsenic trioxide. calcium 
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This report contains the results obtained in an examination of four 
groups of rats and one group of dogs. 

Each group of rats ^Yas comprised of four pairs. The members of each pair 
were litter mates, one of which was used as the experimental animal and the 
other as the control. The control in each pair was placed on diet A,i a diet 
relatively high in protein and composed primarily of natural food products, i. e., 
essentially of whole cereal grains, leguminous seeds and milk solids, so fortified in 
all accessory’ food factors that it met the requirements of the rat for growth and 
reproduction. The experimental member of each pair was also fed diet A, but 
with lead or arsenic added. The paired feeding method was followed.^ The 
animals were placed on their respective diets at the age of 25 days. Since thej- 
were members of a larger group of animals, most of which were used for other 
investigations, the complete details of their historj' and treatment are presented 
elsewhere. 

Group 1. The experimental rats in this group were placed on diet A, with the 
addition of 2.56 Gm. of lead as lead acetate per kilogram of diet, and were allowed 
to consume 500 Gm. of food, which required from six to seven weeks. 

Group 2. The experimental animals of this group were placed on diet A, 
to which was added lead arsenate in such amounts that the lead content was 3.53 
mg. per kilogram of diet. These rats were allowed to consume 1,000 Gm. of 
diet, which required from ten to twelve weeks. 

From the Division of Pharmacologj-, Food and Drug Administration, United 
States Department of Agriculture. 

Dr. G. E. Farrar was in charge of the pathologic investigations during the early 
stages of this study. Mr. C. E. Montgomery has been the technical assistant through- 
out the investigation. Dr. Esmond R. Long supplied the photomicrographs. 

The investigation reported here was brought to a close long before it was com- 
plete by Congress when, on June 24, 1937, it passed the Agricultural Appropriation 
Act, containing the clause ; “Provided further, that no part of the funds appropriated 
by this Act shall be used for laboratorj' investigations to determine the possibly 
harmful effect on human beings of spray insecticides on fruits and vegetables.” 

1. Laug, E. P., and Morris, H. J.: J. Pharmacol. & Exper. Therap., to be 
published. 

2. ilitchell, H. H., and Beadles, J. R.: J. Nutrition 2:225, 1930. 



434 


ARCHIVES OF PATHOLOGl' 


Group 3. The experimental diet in this group was diet A plus the equivalent 
of 215 mg. of arsenic per kilogram, added as the trioxide. The average time 
required to consume 500 Gm. was about six weeks. 

Group 4. In this group the experimental diet was diet A with 215 mg. of 
arsenic per kilogram added as calcium arsenate. The time required by this group 
of animals to consume 500 Gm. of diet ranged from six to eight weeks. 

Group 5. This group was composed of dogs. The report represents all the 
data we have had an opportunity to collect from a series of 29 dogs. 

The history of the animals in the various groups and the data on their 
nutritional, chemical and therapeutic status will be published elsewhere: Group 1 
and 2 (Laug and Morris’^) ; groups 3 and 4 (Morris and Wallace®); group 5 
(Calvery, Laug and Morris'*). 

Although this report is not as complete as we should like, several 
important observations have iDeen made, some of which are confirmatory 
of data already reported in the literature, yet all of which may furnish 
information for others who are interested in the same problem. The 
fundamental histologic changes following continued ingestion of small 
quantities of lead and arsenic over long periods are almost entirely 
unknown. Where in this paper negative results are reported, it is well 
to keep in mind that more extensive studies or special technics might 
have revealed changes not demonstrated in this study. 

GENERAL METHODS OF EXAMINATION 

Except when otherwise stated, the blood was examined just before the termi- 
nation of the experiment. Red and white cell counts were made by the usual 
technic, and hemoglobin was determined by the use of the Newcomber disk in a 
Klett colorimeter. Differential white cell counts were not made. Smears stained 
b}" Wright’s or Giemsa’s technic \vere carefully examined qualitatively for morpho- 
logic changes in the blood. In the blood of lead-treated animals and their controls 
a special search was made for basophilic stippling of red cells. Since in many of 
the experimental and control animals reticulocytes were relatively high,® com- 
parative studies were not attempted. 

The animals •were weighed and then killed by decapitation. Qualitative 
observations were made of the carcass externally, and of the viscera, skeleton, 
brain and cord. 

Blocks of the heart, lungs, liver, spleen, stomach, duodenum, ileum, large 
bowel, pancreas, testes or ovaries, kidneys and adrenals were hardened in Zenker’s 
solution (without acetic acid) or in solution of formaldehyde U. S. P. diluted 1 ; 10. 
The brain and cord were fixed in the latter solution. Embedding was done in 
paraffin, and sections for microscopic examination were stained with hematoxylin 
and eosin. 


3. Alorris, H. J., and Wallace, E. W. : J. Pharmacol. & Exper. Therap., to be 
published. 

4. Calvery, H. O. ; Laug, E. P., and Morris, H. J. : J. Pharmacol. & Exper. 
Therap.. to be published. 

5. There is some evidence that at least a part of the rat colony was infected 
with Bartonella. Such an infection would explain the high reticulocyte count. 
Under normal conditions a high reticulocjffe count is the only sign of a Bartonella 
infection. 
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Tlic Ikiiic marrow was cxamiiicd by the teclinio doscribed by barrar,^ wliicb 
consists in emnneration of the miclealed cells after iinantitativc dilntion of the 
marrow witli 1 per cent acetic acid. When properly carried out, this procedure 
seems to afford an aecurate evaluation of the tletiree of ntarr<nv activity. 


.spi-Xr.M. TKrir.VIC rou KKAMI.V.ATION' HK I.K.Vn-TKKATKI) A.XIMALS 

Prei«iratinns of the skeletal tissues were made accordini; to a modificalimi of 
tbc metbod rciwrtcd by Sieber," winch centsists essentially in the following : J he 
bones arc fixed from one to tbree weeks in solution of formaldehyde U. .S. P. diluted 
1 : 10 and saturated witii Iiydri'cen sui Title. When lead is present in larpe (piantitics. 
it becomes visible as black lead sulfide within a few minutes after treatment 
witli formic acid. N’o lead sullide is visible beftire addition of the acid. In a 
few c.ascs. sections ^^{ the bone treated as described .and imprepnated with par.alTm 
were jircjiared ftir microscoiiic examination. 

Similar attempts were made to demonstrate lead in tbc soft tissues. With this 
end in view, blocks of the kidneys, spleen, liver, jiancreas, intestine and brain 
were fixed for two weeks or loiiper in sidution of formaldehyde L'. S. P. (1:10) 
which had been saturated with hydropeii sulfide. 'I'hey were then emhedded in 
paraffin by the ordinary methods ami cut into sectimis for microscopic exami- 
nation. Where lead was present, it was seen as black deposits of lead sulfide, 
the visibility and localization of which were imjiroved by counterstaininp with 0.3 
per cent saftranin in .30 per cent alcohol. 

Xo special technics were apjilied to tissues of the arsenic-treated animals. 

OHSkUVATlON'S 

Group 1. — The cxpcrimctilal ruts in this group con.suined, over u 
period of from six to seven wcck.s. 500 Gm. of food containing 2.56 
Gm, of lead as lead acetate per kilogram of diet. External examination 
revealed general impairment of nutrition and dnlncss of the hair. The 
mouths and teeth were clean and a])peared normal, with no lead lines. 

The hemoglobin was low (averaging 17 i)er cent less than that of the 
controls), and the red and white cell counts were slightly decreased 
(6.6 and 5.6 per cent. res];)cctivcly). Morphologic examination of the 
blood revealed basophilic stippling of the red cells in specimens from 
all of the lead-treated rats, while this was not observed in the controls. 

Autopsies revealed no gross changes in the viscera. There were, 
however, weight differences between some of the viscera of the experi- 
mental animals and those of the controls. The kidneys, spleens and 
hearts of the lead-treated animals as compared with the controls showed 
average weight increases of 22, 20 and 10 per cent, respectively, while 
the testes averaged 11 per cent less. These weight changes were con- 
sistent, being of about the same magnitude in each animal. 

The kidneys were smooth and of normal color, the brains and cords 
appeared grossly normal, the bone marrow of the femurs was hyper- 
plastic, being more red than that of the controls, and the skeletons 

6. Farrar, G. E.; Am. J. Physiol. 117:662, 1936. 

7. Sieber, E.: Arch. f. exper. Path. u. Pliarmakol. 181:273, 1936. 



436 


ARCHIVES OF PATHOLOGY 


in the fresh state revealed no abnoi'malities except that the bones of 
the experimental animals were very fragile. The intestines also appeared 
grossly normal except that a few centimeters above the ileocecal valve 
and extending throughout the cecum and large intestine the contents 
were black, due, undoubtedly, to the formation of lead sulfide. 

A femur from each rat was preserved and decalcified in the presence 
of hydrogen sulfide as described in the section on pathologic methods. 
The results obtained were striking in that the entire femur turned black 
from conversion of the lead deposits into lead sulfide. One femur 
appeared spotted, black flakes appearing on the bony background, and 
under low magnification it was apparent that the black flakes represented 
deposits of lead sulfide about the haversian canals. 

On longitudinal section of each completely darkened femur, the lead 
sulfide was seen to penetrate throughout the bony substance of the shaft, 
the marrow remaining free from discoloration. No lead line was present 
at the epiphysial junction. 

One entire rat skeleton was treated according to the technic described. 
All the bones disclosed heavy deposits of lead sulfide, the heaviest being 
observed in the long bones, where deposits were more dense in the 
shafts than at the ends. 

The cartilages of the thorax and those of the larynx and trachea 
also revealed heavy deposits of lead sulfide. However, smaller amounts 
occurred in the cartilages than in the bones. 

Microscopic examination of the viscera gave negative results except 
as regards the kidneys. The changes in the kidneys were marked and 
were quite uniform in all specimens. The epithelial cells lining the tubules 
were very irregular in size. Some of the nuclei were tremendously 
hypertrophied, and in many of the nuclei eosin-staining bodies were 
present, similar to the nuclear inclusion bodies described by Blackman ® 
in the kidneys of persons dying of lead poisoning. In some of the 
tubules these abnormal epithelial cells had sloughed into the tubular 
lumens. Occasionally several such sloughed cells had clumped together, 
forming a cast. The tubular changes were most marked in the medulla 
but were also present to a lesser extent in the cortex. They appeared 
essentially alike whether the material was fixed in solution of formal- 
dehyde or in Zenker’s solution. The glomeruli appeared uninjured, and 
the blood vessels were not sclerotic. No scars or inflammatory reactions 
were present. 

Sections of kidney tissue which had been treated with hydrogen 
sulfide and counterstained with saffranin revealed particles of lead sulfide 
occupying some of the nuclei of the tubular epithelium. In a few cases, 
fine particles of lead sulfide occurred also in the cytoplasm. The lead 


8. Blackman, S. S., Jr.: Bull. Johns Hopkins Hosp. 58:384, 1936. 
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sulfide bodies within the nuclei resembled in size and position the 
eosinophilic inclusion bodies which were seen in sections stained with 
hematoxylin and cosin. 

Throughout the medulla and to a lesser extent in the cortex there 
were large clumps of lead sulfide. Some of the clumps were round 
and somewhat larger in diameter than the renal tubule. Other clumjis 
had an irregular shape. Some of the lead sulfide masses in the medulla 
were elongated and followed the directions of the renal tubules. It is 
probable that they represented casts of di.stendcd tubules around which 
the tubular structure had Iiecn destroyed. 

Sections of the kidneys from the control animals were entirely free 
from all the tubular changes described for the exjicri mental animals. 

It is probable that the increase in weight of the kidneys of the lead- 
treated animals was caused by the modifications of the tubular epithelium. 

Sections of the spleens which were examined by the prussian blue 
reaction revealed heavy deposits of iron in the lead-treated animals, 
while very little iron was demonstrable in the spleens of the controls. 

^Microscopic examination of cross sections and longitudinal sections 
of the femur revealed countless particles of lead sulfide. They were 
arranged, for the most part, in a radiating pattern about the haversian 
canals. Many particles occurred also in a zone beneath the periosteum, 
whereas none could be seen in the marrow. The black lead sulfide 
particles in the bone were easily distinguished under the high-dry and 
oil immersion objectives. Very small and sparsely distributed particles 
were most easily demonstrated by use of the dark field with an oil 
immers'on objective. Sections of other organs and tissues revealed no 
definite changes. 

Gkolt 2. — The experimental rats in this group consumed, over a 
period of from ten to twelve weeks, 1,000 Gm. of food containing 3.53 
mg. of lead as lead arsenate per kilogram of diet. All observations, 
both macroscopic and microscopic, were essentially normal. 

Group 3. — Over a period of six weeks the experimental rats in this 
group consumed 500 Gm. of food containing 215 mg. of arsenic as the 
trioxide per kilogram of diet. The general nutritional state of all the 
animals was good. Autopsy revealed gross changes in the intestinal 
tracts of the arsenic-treated rats. While the small intestines of all the 
controls contained abundant food, those of the arsenic-treated animals 
contained only a colorless mucus. The cecums of all animals which 
had ingested arsenic trioxide were markedly distended and contained 
putty-colored mushy fecal material, while the large intestines appeared 
normal. 

The nucleated cell counts of the bone marrow, averaging 2,556,000 
for the experimental animals, eompared with 2,284,000 for the controls, 
suggested slight hyperplasia of the bone marrow.® The skeleton 
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revealed no abnormalities, and the brain and cord appeared normal. 
Microscopic examination of the viscera revealed capillary dilatation in 
the lungs, kidneys, adrenals and intestines. The kidneys otherwise 
appeared normal. 



Fig. 1 (dog 1).- — The photomicrograph shows protein in the tubular lumens and 
in Bowman’s space in the glomeruli. In addition, tubular epithelium is found in 
Bowman’s space. This is not entirely an artefact. It represents desquamation of 
the tubular epithelium at the outlet of the glomerular space, occurring as a result 
of injury. The subsequent forcing back into Bowman’s capsular space is presumably 
an artefact induced in the postmortem examination. 


Group 4. — ^The experimental rats in this group consumed 500 Gm. 
of food containing 215 mg. of arsenic as calcium arsenate per kilogram 
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of diet, over a period of from six to eight weeks. The animals receiv- 
ing calcium arsenate were slightly larger than the controls. The teeth 
and mouths were in good condition, the paws and skin a])pcared normal, 
and the coats were glossy. The blood ])icturc was essentially normal. 

Postmortem examinations disclosed move fat in the abdominal walls 
and about the viscera in the treated animals than in the controls. 'J'here 
was edema of the abdominal subcutaneous tissue, peritoneum and intra- 
abdominal fatty tissue. 'I'he vessels .supplying the inte.stines, uterus 
and testes were markedly dilated. 'Die lungs were abnormally red from 
dilatation of the ca])illaries. 'I'he liver was enlarged, lustrous and 
grayish red. and had a watery appearance. 'Phe small intestines were 
extremely edematous, the edema being most pronounced near the ileo- 
cecal junction. 'I'he length of the small intestines was significantly 
increased in all of tlie arsenic-treated animals, and the cecum was 
markedly distended. 

Nothing abnormal was seen in the .stomach and large inte.stines. The 
mucosa of the small intestines was edematous, but there were no hemor- 
rhages. The cecum in each of the poisoned rats contained large quan- 
tities of mushy yellow fecal material. 

In the arsenic-treated females, the uterine horns were elongated, and 
the entire organ was fiabbv. No abnormalities were noted in the heart 
or pancreas. The spleen and kidneys revealed no change exce])t that 
they weighed IS per cent and 31.4 per cent, respectively, more in the 
arsenic-treated rats than in the controls. The brain, the spinal cord, the 
skeleton and the bone marrow of the femur api)cared grossly normal 
in all cases. The edema in this group of animals was confirmed in the 
larger number used for chemical inve.stigalions,” and this accounts for 
the increased weight of the experimental animals as comjiared with the 
controls since the dry weights were the same. 

Microscopic examinations were not made. 

Group 5. — The histories of only a few dogs, which arc re])resenlativc 
of the whole group, will be given in detail. For a more complete presen- 
tation of the histories, symptoms, nutritional status and chemical find- 
ings, sec Calvery, Laug and Morris.'' 

Do(] IS . — This was a young animal, 46 days of age, when placed on diet B', 
a modified Cowgill diet, containing 64 mg. of lead as lead acetate per kilogram. 
The average lead intake per kilogram per day was 1..3 mg. On the forty-third 
day of the experiment, at 8 o’clock the dog showed the first severe signs of intoxi- 
cation. When first observed, it began barking and failed to respond to the usual 
attempts to quiet it. When the cage was opened, it leaped out and ran wildly 
around the room, trying to find a place to hide. Shortly afterward mild attacks 
of convulsions occurred, which grew worse and occurred more frequently until 
the final severe attack at 1 p. m., when it died. 
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Fig. 2 (dog 10). — ^The photomicrograph shows tubular degeneration with 
epithelial desquamation and marked proteinuria; X 240. 

for Negri bodies revealed none. Postmortem blood smears stained by Wright’s 
method revealed basophilic stippling in a few red cells. The skeleton in the 
fresh state appeared entirely normal. The marrow of the femur was abnormally 
red. Bones treated with hydrogen sulfide in solution of formaldehj^de U. S. P- 
and decalcified in formic acid turned brown as a result of the formation of lead 
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Microscopically, sections of tlic heart muscles appeared normal. In the lungs, 
li\er and spleen moderate congestion was noted. The stomach, small intestine 
and colon disclosed nothing abnormal. No changes were seen in the pancreas or 
adrenal. 

Sections of kidnees rcecalcd nothing abnormal in the capsule, glomeruli or 
blood eesscls. Howeecr, marked changes were prt'-eni in the tubules. The 


' s, i. '< 



Fig. 3 (dog 18). — The photomicrograph shows mild tubular degeneration, with 
isolated cell injury; X 720. A striking feature is the presence of sharply defined 
spherical bodies, lying either in or adjacent to cellular cytoplasm, with about the 
size of the nucleus of a tubular epithelial cell. One such body is seen close to the 
center of the section (such bodies have been seen in human kidneys after long 
continued administration of lead and bismuth). 


tubular epithelial cells were irregular in size, and many contained hypertrophied 
nuclei. Many injured epithelial cells had sloughed into the lumen. The changes 
noted in the epithelial nuclei were very different from those observed by us in 
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lead-poisoned rats and from those described by Blackman s in- the kidneys of 
children who had died of lead poisoning, in both of which the characteristic 
change consisted in the presence of acidophilic inclusion bodies in the nuclei. 
No such bodies were noted in the kidneys of this dog. On the other hand, the 
damaged nuclei were broken into many fragments, which were scattered through- 
out the cell. The picture resembled what one would imagine to occur if an intra- 
nuclear explosion had taken place. A great many of the tubular epithelial cells 
were damaged in this way. In addition to the nuclear changes, inclusion bodies 
occurred in the cytoplasm. These closely resembled the bodies found by Pappen- 
heimer and Maechling ^ after administration of bismuth. The picture was the 
same whether the material was fixed in solution of formaldehyde or in Zenker’s 
solution. 

Sections of kidney which had been treated with hydrogen sulfide while being 
fixed in solution of formaldehyde revealed small black particles in the capillary 
endothelium and in the basement membrane of the renal tubules. No lead 
sulfide particles were noted in the tubular epithelial cells. In this respect, again, 
the dog’s kidney differed from that of the rats, in which lead sulfide particles 
were found within the tubular epithelial nuclei. 

Sections of the brain and cord stained with hematoxylin and eosin revealed no 
cellular changes. The vessels appeared normal. Special staining for lead did 
not reveal its presence in the brain or cord. 

A cross section through the shaft of the femur, which had been treated with 
hydrogen sulfide, showed particles of lead sulfide deposited around the haversian 
canals. A longitudinal section through the upper end of the femur revealed 
heavy deposits of lead at the junction of the diaphysis and epiphysis. 

In a section of striated muscle taken from the quadriceps femoris there were 
small patches of lymphocytic infiltration between the muscle fibers. At the 
beginning of this experiment the red blood cell count was 6,375,000, and two 
weeks before death the count was 4,740,000. 

Dog 8 . — This dog was 123 days of age when placed on the same diet as 
dog 18. After thirty-one days on this diet, the animal went into severe con- 
vulsions, from which it recovered after being given 1 Gm. of magnesium sulfate 
intramuscularly followed by diet B with the addition of calcium. After the dog 
had been on this diet three days, it was placed on diet B for thirty-five days. 
After the total interim period of thirty-eight days, it was put back on the experi- 
mental diet. On the ninety-first day following the return to the experimental diet, 
it showed jerky muscular movements on the right side. It was also apathetic 
and passed urine which was bright red with blood. It was found dead in its 
cage the following morning. 

The examinations of the blood of dog 8 are recorded in table 1. 

The carcass was that of a well nourished, well developed dog. No rigor was 
present, and the carcass was no longer w^arm. 

The thoracic and abdominal viscera appeared normal with the exception of 
the small intestines, spleen and kidneys. The intestinal mucosa was slightly 
hemorrhagic. The spleen was enlarged and firm. The kidney had a bluish 
gray appearance. The capsules appeared thickened but stripped easily, leaving 
smooth surfaces. The bladder contained bloody urine although the mucosa was 
intact. 

The bones were hard and brittle. The shaft of the femur was markedly 
thickened, leaving only a small cavity for marrow. The marrow was small in 

9. Pappenheimer, A. M., and Maechling, E. H. : Am. J. Path. 10:577, 1934. 
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amovnH and tjrayish red. TUc skull was much thickened and coarsely porous. 
The large pores in the skull were ('died with very red marrow. 

The brain was extremely edematous, hut the meninges appeared grossly normal. 

Only the kidneys were examined microscopically, and these presented a picture 
like that described in ti)e kidneys of dog 18; i. c.. tliere was degeneration of the 
tubular epithelium witi\ fragmentatiou of the epitiielial nuclei. 

Do(i r.— This dog was 141 days of age when started on diet B containing 
12.8 mg. of lead as lead acetate per kilogram of diet and was on the diet for one 
hundred and forty days. The average intake of lead per kilogram of body weight 
per day was o'nly 0.33 mg. The animal was found dead on the morning of 
April 1. 1937. There had been no signs of previous illness except that on the 
one hundred and nineteenth day it refused food for one clay and on the day 
before death showed some apathy and no desire for food. The blood of this dog 
was not studied. 

.•\t autopsy the brain was hypcremic Init not edematous. The teeth were dirty. 
The duodenal and jejunal mucosa was slightly hemorrhagic. There was bloody urine 
in the bladder although the mucosa was intact. The kidneys and the remaining 
viscera showed nothing grossly abnormal. The skeleton showed nothing of interest. 

T.vm.n 1 . — Examinations of Blood of Don S 


Hemo- Red tVliito 

elobin, Wood Wood 


Date 

Gm. i>cr 
1(0 (.'c. 

0^115 per 
Cu. .Min. 

Colls j>rr 
Cu. Mm. 

Ro.'iults ot K.\nmlniitlon ol Sfnioar 

12/ 12/."/;* 

10 

:>,i:<o.ooo 

;i7,poo 

Mtiny stipploil colh; innny nuclontnl colls, mo.st ol 
wlilrli showed hasophilip stippling ol the cytophism; 
jnodernto pobvchromnslii; moderate anisorytosis 

12/ U .Sfl 

12.7 

:>, 2 .'>o.ooo 

14,000 

Many stippled riM corpuscles; a lew jiucloatcd red 
colls; more polyrhromasla than In pri'ccdinp smear 

1/ s ;;7 

O 

.'.O.'jO.OOO 

17,P.'<» 

Many stipple<l red colls; no miclcated red cells; poly- 
chromasln ns on Dec. H. 


* The dog had a convulsion on this date and was taVen olT the lead diet. 

Only the kidneys were examined microscopically. Tiiey showed tubular degen- 
eration similar to that described in the kidneys of dogs 8 and 18. 

Dog 6 . — This dog was 141 days of age when placed on the same level of lead 
intake (0.33 mg. per kilogram of body weight) as dog 7 and was found dead on 
the morning of April 27, 1937, after it had been on the diet one hundred and 
sixty-seven days. There had been no apparent illness except a refusal of food 
on the one hundred and fifty-third da}' and a show of some apathy as well on 
the day before death. 

At autopsy the teeth were covered with a dirty brown deposit. There was a 
foul odor to the mouth. 

The mucosa of the small intestine was hemorrhagic. The heart, lungs, liver and 
pancreas revealed nothing of interest. The spleen was slightly enlarged and 
firm. The kidneys were bluish gray. The capsule was slightly adherent, but the 
renal surface beneath the capsule was smooth. The bladder contained bloody 
urine but the mucosa was intact. The brain was hyperemic but not edematous. 

The shaft of the femur was increased in thickness, and the bone was verv 
hard. The marrow cavity of the femur was reduced. The marrow was small in 
amount and abnormally red. There was compensatory formation of marrow in 
the skull, similar to that described in dog 8 but somewhat less marked. 

Microscopic examinations were made only of the kidney, and the observations 
were essentially the same as those on the kidneys of dogs 7, 8 and IS. 
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Dog 17. — This dog was a litter mate of dog 18 and was placed on the same 
diet at the same time. The first symptoms appeared at the fourteenth day as 
weakness of the front legs and mild paralysis of the right hindleg. The paralysis 
.grew steadily worse until the thirtieth day, when both hindlegs were completely 
paralyzed, and the animal refused to eat. At that time it was taken olf the diet 
containing lead and placed on a high calcium diet. The dog never recovered com- 
pletely from the paralysis, although it greatly improved. After an interim period 
of two hundred and fourteen days, it was again placed on the lead-containing diet. 
During the second period of ingestion of lead the animal was bred and rapidlv 
gained weight while showing the usual signs of pregnancy. At the end of the 
length of time of the usual gestation period, when the abdominal enlargement had 
disappeared and no pups were born, the dog was killed for further observation 
at autopsy. The blood picture is presented in table 2. 

The carcass was that of a well nourished female dog. The skin was in good 
condition. There was atrophy of the thighs. The mouth was clean, and the teeth 
were all present, but some of the teeth contained small black blemishes which 
could not be removed by scraping. 


Table 2. — Examinations of Blood of Dog 17 


Date 

Hemo- 
globin, 
Gm. per 
100 Cc. 

Red 
Blood 
Cells per 
Cu. Mm. 

White 
Blood 
Cells per 
Cu. Mm. 

Results of Examination of Smear 


0,20/36 

Mot done 

5,650,000 

26,000 

Xegative 


7/ S/36 

Mot done 

4,265,000 

27,400 

Megative 


S/ 5/36 

12.0 

3,990,000 

14,150 

A few stippled red corpuscles (dog taken 
diet containing lead) 

oft' the 

S/10/36 

12.3 

4,735,000 

12,400 

Many stippled red cells 


1/ S/37 

13.2 

6,250,000 

11,300 

Xo stippled red cells seen (dog returned 
containing lead 

to diet 

•1/29/37 

14.6 

6,700,000 

11,500 

Moderate number of nucleated red cells; moderate 
number of stippled red cells 


Gross examination of the thoracic and abdominal viscera exhibited nothing 
noteworthy with the exception of the uterus. Both horns of the uterus contained 
the remnants of resorbing fetuses. The brain and the cord appeared grossly normal. 
The skeleton in the fresh state revealed nothing of interest. 

Microscopic examination of the kidney revealed only moderate tubular changes. 

Controls. — The autopsies on the control animals all disclosed essentially normal 
conditions. 

COMMENT 

Pathologic examinations have been made of groups of rats receiving 
diets containing different compounds of lead and arsenic. The animals 
in each case were taken from larger groups, the other members of which 
were used for chemical investigations, which are reported separately.^ 

The rats of group 1, receiving a diet containing 2.65 mg. of lead 
per gram until they had consumed 500 Gm. of diet, showed dulness 
of hair, moderate secondar}'- anemia associated with basophilic stippling 
of the red cells, large deposits of iron in the spleen and a hyperplastic 
bone marrow. By a special method of treatment enormous quantities 
of lead were found in the bones and cartilages ; large quantities were 
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also present in the kidneys, but none was demonstrated in other organs. 
The long bones were increased in thickness and were abnormally hard 
and brittle. This obser\-ation was extensively conftrmcd in the animals 
used for chemical investigations.^ 

The kidneys showed marked irregularity of the tubular epithelium, 
with hypertrophy of the nuclei of many of the tubular epithelial cells. 
^Nlany of these nuclei contained eosinophilic inclusion bodies similar to 
those described by Blackman ® in the kidneys in cases of lead poisoning 
in man. Inclusion bodies also occurred in the cytoplasm. These closely 
resembled the bodies found by Pappenheimer and Maechling after 
administration of bismuth. Special treatment of the kidneys with 
hydrogen sulfide revealed lead inclusion bodies in the nuclei, which were 
similar in size and {>osition to the acidophilic bodies mentioned. It is 
believed that these two types of inclusion bodies may have the same 
origin. 

^Microscopic examinations made of the animals in group 2, receiving 
very small quantities of lead arsenate, showed no abnormalities of 
definite significance. 

Obsen-ations made on the animals of group 3, which had received 
500 Gin. of diet containing 107.5 mg. of arsenic as arsenic trioxide, 
revealed a more or less generalized dilatation of capillaries in the viscera 
and parenchymatous degeneration of the liver. There were changes in 
the small intestine and distention of the cecum. The bone marrow was 
slightly hyperplastic. 

The animals of group 4, receiving calcium arsenate, were significantly 
heavier than the controls, and autopsies showed large deposits of sub- 
cutaneous and abdominal fat. However, the increase in weight was 
entirely due to edema, since the average diy weight of a large number 
of animals from this same group used for chemical examination was 
almost the same as that of the controls.^ There was marked edema of 
the subcutaneous and intra-abdominal fatty tissues and apparently also 
of the liver. The small intestine and the uterine horns were elongated, 
and the cecum was distended, which was probably due to muscular 
relaxation. There was generalized capillary dilatation, but the bone 
marrow and blood pictures were not markedl}' different from those of 
the controls. It is interesting that this group of animals showed much 
more marked signs of intoxication than did those of group 3 receiving 
arsenic at the same level. This is contrary to the usual conception that 
arsenic is more toxic in the trivalent form than in the pentavalent form. 

Although a total of 29 dogs were used and observed post mortem, 
the protocols of only a few of them are presented. Of the 20 dogs 
receiving lead in' their diet, 15 died before the termination of the experi- 
ment. All of the signs, symptoms and data from examinations indicated 
that no factor other than the lead included in their diet, even the ver 3 ' 
low level of 0.33 mg. of lead per kilogram of body weight per day,^ 
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\Yas involved in causing their death. Not 1 of the 7 dogs receiving 
diets to which no lead was added showed any signs of abnormality up 
to the time when they were put to death, at the termination of the 
experiment. Of the latter group, some were kept for over a year and 
had been raised from pups on the basic diet, diet B. 

The kidneys of all the dogs which had been on diets containing lead 
up to the time of death showed tubular degeneration. The type of 
degeneration was different from that seen in the rats. In 3 dogs 
the bladder contained blood}'^ urine, though the mucosa was intact. In 
all dogs which had had convulsions, hyperemia and edema of the brain 
were noted.. The bones of many of the dogs receiving diets containing 
lead were hard, brittle and thickened, and in the long bones of this 
description the marrow cavities were constricted. Compensator}'^ forma- 
tion of marrow was noted in the skull. The lead deposits in the bones 
of the dogs resembled those seen in the rats. The dogs on lead whose 
blood was examined all had stippled red cells. One dog had nucleated 
red cells with basophilic stippling of the cytoplasm. 

The pathologic inr'estigations taken in conjunction with the extensive 
chemical investigations indicate clearly that the ingestion of lead even 
at very low levels results in severe injury to the tissues of animals and 
ultimately in their death. Dogs 6 and 7, reported on here, received only 
0.33 mg. of lead as lead acetate per kilogram of body weight per day. 
One of them died on the one hundred and fortieth day and the other 
on the one hundred and sixty-seventh day of the regimen. Five animals 
in this series received lead arsenate, and the results were the same as 
in the animals receiving lead acetate at the same level of lead in the 
diet. To make more certain of this, litter mates were used in some cases. 
The most striking differences were those due to age, younger animals 
being much more susceptible than older animals receiving the same level 
of lead. 

SUMMARY 

The microscopic observations reported in this paper bear out the 
chemical results reported elsewhere and show that under the conditions 
of our experiments injuries of tissues were caused by both lead and 
arsenic. The most marked histologic changes were produced in the 
kidney. The most severe injury and death resulted from the feeding 
of lead. Some dogs fed as little as 0.33 mg. of lead per kilogram of 
body weight per day died before the scheduled termination of the experi- 
ment. The manner of death of some of these animals corresponded 
in almost every particular with the convulsive terminations in cases of 
human lead poisoniirg described in the literature. In view of these 
results the conclusion is inescapable that lead and arsenic are chronic 
tissue poisons, the continued intake of which into the body is always 
fraught with the possible production of definite injur}'. 
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A number of polyhydric alcohols and their derivatives arc being used 
in increasing quantities in many industries. They are used, for example, 
in the manufacture of lacquers, flavoring extracts, textiles, cosmetics, 
phannaceuticals. preservatives, detergents and polishes. As part of a 
study of the toxicolog}- of ethylene glycol (glycol), diethylene glycol 
(diglycol), propylene glycol and some of their derivatives, the organs 
of rats, rabbits and guinea jugs to which these substances had been 
administered were studied morphologically. 'I'he degenerative changes 
that occurred in some of these organs form the subject of this report. 


Table 1. — Chemical Formulas of Comf'ouuds Used^ 


Conii'ounU 

Etliykne plycol; pI.vcol.. . . . . 

Ethylene gljcol diacetntc 
Propylene glycol 

Dicthylcnc glycol; diglyco!.. . ... 

Ethyl diethyicne glycol (dlglycol iiionoethjl ether); 

carbitol .’ 

Methyl dicthvleno glycol (diglycoI monoinothyl ether); 

methyl carbitol . . .. 

Butyl diethyicne glycol (diglycol mono n butyl ether); 
butyl carbitol . . 


Diethyicne dio\ide (diosane) 


Dipropylcne glycol 


Structural Eorinuln 

HO.Cni.CHc.OH 
CH5.CO.O.CH:.CH: O.CO.CHa 
HO.CHr.CU.OH.CIls 
lIO.CHr.OHi O.CHr.CHr.OH 

CrHr.O.CHr.CHr O.CHr CHr OH 

CH-! O.CHr.CHr.O.CHr.CHr.OH 

C.H'..O.Cnr.CH:.O.CHr.CUr.OH 

CHr.CH: 

/ \ 

O O 

\ / 

CHr.CHr 

CHr OH.CH.CHr.O.CHr.CH.OH.CHr 


^ The compounds 'vrcrc of commeroal grade and x)cre manufactured by the Carbide and 
Carbon. Chemicals Corporation. 

The chemical relationship of the several glycols used is indicated in 
table 1. 

The compounds were given by mouth to rats and guinea pigs, usually in tlie 
drinking water, and bj' mouth or intravenously to rabbits, for from one to two 
hundred and thirtj--four days. The animals were fed stock laboratorj- diets, and 
they were maintained in a state of good nutrition except as noted. The tissues 
of animals that died during the experiments or that were killed were promptly 

From the departments of pathologj- and pharmacology. College of Physicians 
and Surgeons, Columbia University'. 

The expenses of the research of which this investigation is a part were defra%'ed 
in part by the Philip I)Iorris Fund. 
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fixed in Zenker’s solution, cut in paraffin and stained with hematoxylin and eosin. 
(The tissues of many animals dying during the night were discarded because of 
postmortem changes ; none of these animals are included in this report.) Certain 
blocks were also fixed in formaldehyde for the study of fat and in absolute 
alcohol for the study of glycogen by Best’s method. 

The water content of the liver and kidneys was determined for certain of the 
animals by drying to constant weight at 90 C. The nonprotein nitrogen of 
the whole blood was determined by the micro-Kjeldahl technic for most of the 
animals that were killed at the end of an experiment. 

ETHYLENE GLYCOL 

The simplest member of the group of substances used is ethylene 
gl)'-col, or, as it is often called, glycol. The effects of glycol have been 
extensively studied, and have been retdewed, together with the literature, 
by Browning.^ Pathologically, they consist of deposition of masses of 
calcium oxalate in the renal tubules, with oxaluria.and in some cases 
hematuria. 

Eleven rabbits received from 1 to 4 cc. per kilogram of body weight of glycol 
intravenously in a single dose. They were killed at the end of from one to one 
hundred and twenty days. Four of the 11 presented the lesions to be described 
(as early as twenty hours after a dose of 4 cc. per kilogram) with a rise in the 
nonprotein nitrogen of the blood to 226 mg. in 100 cc.- Thirty rats received 
glycol in from 1 to 5 per cent concentration in the drinking water for from eight 
to seventy-nine days.^ Thirteen died in from nine to fifty-one days, and 10 of 
them had lesions similar to those in the rabbits. Seventeen were killed at the 
expiration of from eight to seventy-nine days, and the kidneys of 10 were involved 
in the same way. Approximately 6 cc. of glycol per kilogram of bod}' weight is 
required daily for nine days to cause renal lesions and death. 

The renal lesions are characterized by slight enlargement of the 
kidneys, associated with many gray glistening streaks and dots in the 
cortex and medulla. These streaks consist of deposits of refractive, 
colorless or pale greenish granular and crystalline material in the tubules, 
chiefl}' the convoluted. Only a few tubules may be involved, or the 
deposits may be widespread. In the latter case, dilatation of the tubules 
proximal to the crystalline deposits may occur. In and about the plugged 
tubules a mild acute inflammatory reaction is sometimes set up. In 
some instances, a few epithelial cells are destroyed, and regeneration 
sets in from those remaining. The crystalline masses reduce silver 
nitrate and are soluble in 10 per cent nitric or sulfuric acid. They are 
composed at least in part of calcium oxalate. 

1. Browning, E. : Toxicity of Industrial Organic Solvents, Medical Research 
Council, Industrial Health Research Board, Report 80, London, His Majesty s 
Stationery Office, 1937. 

2. The normal range of nonprotein nitrogen in the blood of control rats and 
rabbits is from 30 to 55 mg. in 100 cc. 

3. Except when stated otherwise, the average daily intake of glycol water in 
these experiments was approximately 30 cc. per rat. 
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KTIIYLEXE GrA'COL DIACETATE 

No previous stud}' had been made of Ihe effect on animals of the 
acetic acid ester of glycol. 

Eleven rats received this chemical in from 1 to 5 i)cr cent concentration in the 
drinking water for from seven to one hundred and thirty days. Four died in from 
seven to one hundred and fourteen days; lesions of the kidneys were present in all. 
The remaining 7 were killed at intervals of from fifteen to one hundred and thirty 
days; the kidneys of 4 were affected. The minimal dose required to produce 
damage in the kidneys was approximately 6 Gm. per kilogram daily, received in 
5 per cent concentration, for seven days. 

The kidneys of the animals affected contain deposits of calcium 
oxalate quite like those produced by glycol (fig. \ A). Dilatation of the 
proximal portion of the convoluted tubtilcs may also he present. 

Further ‘evidence of the composition of the crystalline deposits was 
obtained by analyzing the kidneys of 4 of the rats for calcium by the 
method of Halverson and Bergeim.'* An unaffected kidney contained 
9.2 mg. of calcium in 100 Gm. wet weight of kidney, an amount that is 
within the normal range. Three kidneys in which the crystalline deposits 
were found histologically contained 86.2, 104.1 and 819.2 mg. of calcium 
in 100 Gm. wet weight, respectively. The deposits were sufficiently 
large in the last animal to cause dilatation of the convoluted tubules 
proximally and slight nitrogen retention (blood nonprotein nitrogen 
— 76.2 mg. in 100 cc.). However, no enlargement or hyperplasia of the 
parathyroid glands of any of these rats was demonstrable when the glands 
were sectioned serially. This is of interest in view of the well established 
sequence of renal insufficiency, hyperparathyroidism and increase in renal 
calcium 

PROPYLENE GLYCOL 

Of the several substances investigated, propylene glycol was the most 
innocuous. This fact has been emphasized by other investigators.''’ In 
vitro or when injected intravenously, it is hemolytic,®" but taken into 
the alimentary tract it is readily absorbed and rapidly oxidized. Lehman 
and Newman ®‘' assigned to it a narcotic value of about one-third that of 
ethyl alcohol. 

4. Halverson and Bcrgcim, cited in Peters, J. P., and Van Slyke, D. D. ; 
Quantitative Clinical Chemistry — Methods, Baltimore, Williams & Wilkins Com- 
pany, 1932, p. 767. 

5. Donohue, W. ; Spingarn, C., and Pappenheimer, A. M.; J. Exper. Med. 
66:697, 1937. 

6. (a) Hunt, R. : Indust. & Engin. Chem. 24:836, 1932. (b) Seidenfeld, 

M. A., and Hanzlik, P. J. ; J. Pharmacol. & Exper. Therap. 44:109, 1932. (c) 

Hanzlik, P. J. ; Mehrtens, H. G., and Spaulding, J. B.: ibid. 49:300, 1933. (rf) 
Lehman, A. J., and Newman, H. W.: ibid. 60:312, 1937. (<?) Hoick H G O • 
J. A. M. A. 109:1517, 1937. ■ , . . .. 
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Explaxation 01' Figure 1 

A^ calcium oxalate cr 3 'stals in convoluted tubules of the kidney of a rat which 
received ethylene glycol diacetate in a concentration of 1 per cent for one hundred 
and ten days and in a concentration of 3 per cent for twenty days, in the drinking 
water. The renal calcium amounted to 819 mg. in 100 Gm. wet weight; the 
blood nonprotein nitrogen, to 76.2 mg. in 100 cc. 

B, hemoglobin casts in renal tubules of a rabbit given 5 cc. per kilogram of 
propylene glycol intravenously and killed on the ninth day. The hemoglobin 
content was 40 per cent (Dare) ; the blood nonprotein nitrogen, 69.4 mg. in 100 cc. 

C, vacuolation of cells of convoluted tubules and slight leakage of protein into 
glomerular spaces in the kidney of a rabbit that received 2 cc. per kilogram of 
diethylene glycol intravenously and was killed twenty hours later. 

D, hydropic degeneration of convoluted tubules and distention of glomerular 
spaces in the kidney of a rat that consumed diethylene glycol in a concentration 
of 5 per cent in the drinking water. The animal became sick and was killed at 
the end of seventy-two hours. 
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The 1, 2 form of propylene glycol was administered to 39 rats in their drinking 
water in concentrations of from 1 to 10 per cent for from eleven to two hundred 
and thirty-four days with no demonstrable effect. Fifteen rabbits were given by 
intravenous injection single doses of from 2 to 5 cc. per kilogram of body weight. 
One rabbit that received a 5 cc. dose died the following night, but nothing abnor- 
mal was observed except the presence of considerable quantities of protein within 
the tubules of the kidneys. The other 14 rabbits were killed within from two to 
forty-six days after the injection. No pathologic changes were found in 10 of 
these. 

Four rabbits which had been given intravenously 4 or 5 cc. of 
propylene glycol per kilogram of body weight and which were killed 
at the expiration of from two to twenty-three days exhibited in the 
kidneys evidence of the hemolytic action of the compound. This was 
visible grossly as reddish brown streaks and points on both the capsular 
and the cut surfaces. These discolorations consisted of hemoglobin-con- 
taining casts which could be found in all levels of the tubular system 
(fig. IS). Granular and hyaline casts were also sometimes present. 
Leakage of erythrocytes into glomerular spaces and convoluted tubules 
was sometimes seen. One of these rabbits which received a 5 cc. dose 
had 238 mg. of nonprotein nitrogen in 100 cc. of blood when killed 
forty-eight hours after the injection. In addition to all the aforemen- 
tioned changes, small groups of renal convoluted tubules were necrotic, 
and occasional mitoses were found in adjacent remaining epithelial cells 
of this animal. 

DIETHYLENE GLYCOL 

Since the series of fatalities in October 1937 following the use of 
an elixir of sulfanilamide made with diethylene glycol as one of the 
solvents, several reports have appeared on the pathologic effects of large 
doses of diglycol on human beings and animals (Kesten, Mulinos and 
Pomerantz ; ’’ Hoick ; Cannon ; ® Ruprecht and Nelson ; ® Hagebusch ; 
Lynch Cannon and Gelling^-). Prior to that time only two studies 
of the toxicity of diglycol had been published (von Oettingen and 
Jirouch;’-® Haag and Ambrose^*), in neither of which were details 
of pathologic changes noted. Von Oettingen and Jirouch mentioned 

7. Kesten, H. D. ; Mulinos, M. G., and Pomerantz, L. : J. A. M. A. 109 : 
1509, 1937. 

8. Cannon, P. R.: J. A. M. A. 109:1536, 1937. 

9. Ruprecht, H. A., and Nelson, I. A.: J. A. M. A. 109:1537, 1937. 

10. Hagebusch, 0. E.: J. A. M. A. 109:1537, 1937. 

11. Lynch, K. M.: South. M. J. 31:134, 1938. 

12. Cannon, P. R., and Ceiling, E. M. K.: J. A. M. A. 111:919, 1938. 

13. von Oettingen, W. F., and Jirouch, E. A. : J. Pharmacol. & Exper. Therap. 
42:355, 1931. 

14. Haag, H. B., and Ambrose, A. M. : J. Pharmacol. & Exper. Therap. 59: 
93, 1937. 
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the occurrence of acute ncplirosis in rats that had been given sub- 
cutaneous injections of one or the other of the following: diethylene 
glycol, its ethyl ether, or carhitol ; the ethyl ether of ethylene glycol, or 
cellosolve; cellosolve acetate; butyl ccllosolve, and dioxane. 

The effects of diglycol were studied as follows; 

1. Seventeen r.^ts received diglycol in 0.5 per cent concentmtion in the drinking 
water for from twenty-two to one hundred and twenty-four days. No deaths 
and no lesions occurred as a result of the procedure. 

2. Thirty rats drank 1 per cent diglycol for from thirty-three to two hundred 
and seventeen days without any demonstrable cfYcct. 

3. Thirty rats received 3 per cent diglycol in the drinking water for from 
four to ninety-five days (approximately 3.5 cc. of diglycol per kilogram of body 
weight per day). Twenty-one died in from four to fifty-six days; hydropic degen- 
eration of the renal cortex was present in 20. The livers of 13 of these contained 
foci of similar degeneration. The remaining 9 were killed at from fifty-one to 
ninety-five days. No lesions referable to the procedure were present. 

4. Forty-two rats were on 5 per cent diglycol (approximately 6 cc. per kilo- 
gram of body weight per day) for from one to thirty-six days, of which 9 died 
in from one to six days. Hydropic degeneration had occurred in the kidneys of 
the 9 animals and in the livers of 5. Of the remaining 33, killed at from one 
to thirty-six days, similar damage of the kidneys was exhibited in 27 and degenera- 
tion of tlic liver in 13. 

5. Six nabbits received from 1 to 4.6 cc. of dicthylcnc glycol per kilogram of 
body weight in from 1 to 5 per cent concentration in the drinking water during 
from five to twenty-eight days. One rabbit which had consumed 1 cc. per kilo- 
gram died on the seventh day with extensive renal damage and edema of the 
lungs. Of 5 killed at from five to twenty-eight days, 4 presented lesions in the 
kidneys and 2 in the liver. 

6. Thirty-five r.abbits were given intravenous injections of from 1 to 2 cc. per 
kilogram of body weight, usually in a single dose, of full strength or SO per cent 
diglycol (redistilled in a few’ instances). Eleven animals died in from one and a 
half to twenty-one days. The kidneys of 10 and the livers of 8 of them had 
undergone varying degrees of hydropic degeneration. The remaining 24 were 
killed after from one to forty-four days, and similar changes w'cre observed in 
the kidneys of 15, and in the livers of 9. One instance tvas noted in which, follow- 
ing the injection of 2 cc. per kilogram of body w'cight, twenty hours was sufficient 
for the development of extensive changes in the kidneys, with a rise in the non- 
protein nitrogen of the blood to 86 mg. in 100 cc. (fig. 1 C). 

7. Five guinea pigs received from 2 to 5 cc. per kilogram of body weight of 
diglycol by mouth during from two to twelve days. Two died at three and five 
days, respectively, with lesions in the kidneys similar to those in the rats and 
rabbits. One showed the liver similarly involved. The remaining 3 were killed 
at from two to twelve days. Hydropic degeneration had occurred in the kidneys 
of all and in the livers of 2. 

Control animals on the same stock diet vvithout the addition of diglycol 
remained normal. 

Animals affected by diglycol become comatose and often anuric prior 
to death. For several hours following intravenous injection of diglycol 
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Explanation of Figure 2 

A, calcification and regeneration of the convoluted tubules in the kidney of a 
rabbit that received 1 cc. per kilogram of diethidene glycol intravenously. The 
animal became sick and was killed on the ninth day. The blood nonprotein nitro- 
gen amounted to 389 mg. in 100 cc. 

B, hydropic degeneration of liver cells about efferent veins in a rabbit, that 
received 2 cc. per kilogram of diethylene gljxol intravenously. Death occurred in 
thirty-six hours. 

C, hydropic degeneration of convoluted tubules of the kidney of a rat the 
drinking water of which contained 5 per cent methyl carbitol for twenty-eight da 3 'S. 

D, hydropic degeneration of convoluted tubules of the kidney of a rat which 
received butyl carbitol in a concentration of 5 per cent in the drinking water. It 
was killed on the eighth day. The blood nonprotein nitrogen was 162 mg. in 
100 cc. 
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many of the rabbits pass smoky urine which reacts with benzidine. The 
nonprotein nitrogen of the blood in all the affected animals mounts 
steadily to from eight to ten times the normal amount (e. g.., 389 mg. 
in 100 cc. in a rabbit that lived nine days after the injection of 1 cc. 
per kilogram of body weight). 

The organs regularly affected in diglycol poisoning are the liver and 
kidney. The kidneys of the three species of animals used are swollen, 
pale yellowish tan and apparently more moist than normal. On analysis 
the water content is found to be increased approximately 6 per cent 
(to an average of 84 per cent from a normal average of 78 per cent) . The 
cortical markings are indistinct. The. medulla often appears to be con- 
gested. The outstanding histologic change is hydropic degeneration of the 
convoluted tubules. Every tubule may be and commonly is involved, or 
the change may be confined to isolated small groups of tubules. The epi- 
thelial cells swell and undergo coarse vacuolation, often with fusion of the 
vacuoles to a single large space that represents the entire cell save for 
an irregular cell membrane and a compressed pyknotic nucleus. The 
vacuoles are devoid of fat or glycogen, but occasionally a little finely 
divided fat is present in the remaining cytoplasm or in otherwise 
unchanged epithelial cells. Necrosis of the vacuolated cells occurs, and 
the tubular lumen becomes blocked by swollen cells and cell detritus. 
Obstruction to the outflow of urine ensues, leading to dilatation of the 
glomerular spaces. The glomerular tufts are often compressed and 
bloodless but otherwise are essentially uninvolved. Calcification of 
necrotic cytoplasm may set in as early as the fifth day in rabbits, and 
attempts at regeneration may be present, characterized by mitoses 
(fig. 2 A). Leukocytic reaction is not a feature. Changes in the 
medulla are confined to congestion of the capillaries and small veins 
and to the occurrence of many hyaline and granular casts in the collecting 
tubules. Occasionally a little finely divided fat is found in the epithelium 
of such tubules. 

The liver, though less frequently involved, may be enlarged and pale, 
and appear moist. An increase of approximately 10 per cent in volatile 
matter is observed (to an average of 82 per cent from a normal average 
of 72 per cent). The cells about the efferent vein in each lobule, often 
extending well out toward the portal areas, enlarge, and the cytoplasm 
becomes pale. Many tiny vacuoles appear in it, which fuse together 
until the cell consists of a single large vacuole surrounding a compressed 
and pyknotic central nucleus (fig. 2 5). These vacuoles are also free 
from fat and glycogen, but in rare instances a little finely divided 
stainable fat is present in the other liver cells. 

In a small percentage of the animals that have changes in the kidneys 
and liver, the epithelial cells of the outer fourth of the adrenal cortex 
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arc swollen, pale staining and vacuolated in the same manner as the liver 
cells. The vacuoles do not contain stainablc fat. 

The lesions noted in the kidney and liver arc essentially similar to 
those which have been described by other investigators coincident with 
and since the appearance of our preliminary report." The kidneys of 
animals, however, apparently do not contain the small arterial and capil- 
lary thromboses and massive cortical necrosis found in the kidneys of 
some of the human beings who were poisoned by large quantities of 
diglycol 


ETHYL DIETHYLENE GLYCOL (cAKBITOL) 

Three ether derivatives of diethylcnc glycol were investigated briefly : 
ethyl diethylene glycol (diglycol monocthyl ether), or carbitol; methyl 
diethylcne glycol (diglycol monomethyl ether), or methyl carbitol, and 
butyl diethylene glycol (diglycol mono-n-butyl ether), or butyl carbitol, 

Carbitol is among the chemicals reported by von Oettingen and 
Jirouch as producing acute nephrosis in rats. A communication from 
the director of a pharmaceutical laboratory to the Council on Pharmacy 
and Chemistry of the American Medical Association stated that the 
equivalent of 1.67 cc. per k'ilogram of body weight of carbitol had been 
‘administered to rats daily for twenty days without apparent effect. One 
rat of the series which was put to death after sixteen days had normal 
kidneys and liver. 

The drinking water of 6 rats was made up to 5 per cent concentration of 
carbitol, and the rats consumed varying amounts of it for from one to fifteen 
days. The intake was not over half the intake of drinking water in the pre- 
ceding experiments, averaging approximately 15 cc. per day. Two rats died on 
the third and fifth days, respectively, and exhibited evidence of renal disease. 
Of the remaining 4, which were killed at the expiration of from one to fifteen 
days, 2, killed on the fifth day, had a nonprolein nitrogen concentration in the 
blood of 279 and 289 mg. in 100 cc., respectively, and exhibited lesions of the 
kidneys. Because of the difficulty encountered in obtaining an adequate intake 
of the material in the drinking water, an attempt was made to administer a 
solution to 2 rats by stomach tube, but this led to acute bronchitis and broncho- 
pneumonia with death on the second and third days, respectively, without renal 
involvement. 

A total of approximately 10 cc. of carbitol per kilogram of body weight 
had been consumed in the drinking water by the rat that died on the third 
day and that had lesions in the kidneys, and 15 cc. per kilogram by the one 
that died on the fifth day. However, the intake of fluid by the rats to which 
carbitol was offered was below normal, so that partial dehydration may have 
contributed to the result. Furthermore, many of the animals receiving carbitol, 

15. Cannon.8 .Ruprecht and Nelson.® Hagebusch.i® Lynch.^i Cannon and 

Geiling.12 

16. Cannon.8 Ruprecht and Nelson.® Lynch.n Cannon and Geiling.i® 

17. “Carbitol,” Queries and Minor Notes, J. A. M. A. 110:1692, 1938. 
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methyl carbitol and butyl carbitol refused food for some time before death, 
and a certain degree of starvation was commonly present. Such animals not 
infrequently showed pathologic changes associated with inanition, such as 
excessive hemosiderin deposits in the spleen, small hemorrhages and erosions 
in the mucous membrane of the alimentary tract, and enlargement of the 

adrenals. 18 

The kidneys of rats receiving carbitol undergo changes identical in 
every respect with those seen in animals on diethylene glycol itself, 
i. e., extensive hydropic degeneration of the epithelium of the convoluted 
tubules leading to obstruction. The other viscera examined were essen- 
tially normal. 

METHYL DIETHYLENE GLYCOL (mETHYL CARBITOL) 

No experiments on the toxicity of this compound had been carried 
out previously. 

Nine rats were given methyl carbitol in from 3 to 5 per cent concentration 
in their drinking water for from eleven to sixtj'-four days. (Four of these 
had previously been on 1 per cent methyl carbitol for one hundred and ten 
days without apparent effect.) One animal died, at the end of sixty-four days. 
Except for moderate amounts of protein in the lumens of the convoluted tubules 
of the kidney, its organs were normal. Of the 8 that were' killed at the expira- 
tion of from eleven to forty-five days, the kidneys of 3 (twenty-eight, twenty- 
eight and forty-five days, respectively) had been damaged. 

Methyl carbitol is also not well taken in the drinking Avater by rats. Two 
attempts to administer the compound by stomach tube were followed by acute 
bronchitis and pneumonia. 

Methyl carbitol, ingested by mouth, produces damage in the kidneys 
of rats analogous to that produced by diglycol (fig. 2C). Somewhat 
larger amounts of the methyl derivative than of carbitol itself are 
apparently necessary to produce these effects. 

BUTYL DIETHYLENE GLYCOL ( BUTYL CARBITOL) 

Browning ^ refers to a factory worker exposed to either butyl carbitol 
or butyl cellosolve or both, in whom hematuria with casts developed. 
No animal experiments on the effects of butyl carbitol had been carried 
out previously. 

The compound was administered in from 3 to 5 per cent solution in the 
drinking Avater of 9 rats for from five to thirty-five days. (Tavo of these ani- 
mals had previously been on 1 per cent butyl carbitol for one hundred and nine 
days Avithout apparent effect.) Three rats died on the fifth, tAventy-third and 
thirty-fifth days, respectively. The kidney of the rat that died on the fifth 
day contained an occasional small group of damaged convoluted tubules. The 
kidneys of 2 of the remaining rats, killed at the expiration of from eight to 

18. Jackson, C. M. : Effects of Inanition and Malnutrition upon GroAvth 
and Structure, Philadelphia, P. Blakiston’s Son & Co., 1925. 
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silicon clays, had cuKlcrKOiie similar changes. Butyl carhitol in from 3 to 5 
per cent concentration, is relatively nnpalatahlc to rats, leading to partial 
dehydration and partial starvation. 

The renal lesions caused hy (his compound arc similar to those fol- 
lowing the administration of dicthylene glycol hut :ire much less extensive 
with the dosage, used ( fig. 2D). 


uiKTiiYi.KXK mo.xiDii: (nioxAxi;) 

Dioxanc, the second ether of ethylene glycol, contains two ether 
linkages in it.s molecule. It is a widely ttsed solvent, and its toxicity has 
hcen extensively studied. 'Phe literature has hecn summarized by 
Browning.' Dioxanc is in the scries of compounds causing acute 
nephrosis studied hy von Octtingen and Jirouch.'-' Imirlcy, Linton and 
Ford-Moore dcscrihed peripheral necrosis of hepatic lobules and 
necrosis of tubular epithelium in the kidneys of guinea pigs, rats and 
rabbits receiving the substance, although Yant, Schrenk, Waite and 
]\atty in an earlier series of acute inhalation experiments found no 
le.sions of these organs in guinea ])igs. Fcdlowing a report hy ]5arher 
of the death of 5 workers in the maimfacturc of artificial silk all of 
whom had central necrosis of the liver and symmetric necrosis of the 
renal cortex associated with vascular lesions, De Navasquez, rein- 
vestigated the effects of dioxanc when given intravenously and inlra- 
gastrically to rabbits, cats and guinea pigs. He observed acute hydropic 
degeneration of the convoluted tubules in the kidneys of all the animals, 
and in rabbits, vacuolation of tbc liver cells about the efi'erenl veins, 
the vacuoles being apiiarenlly filled with glycogen. 

Dioxanc is higlily toxic to rats. Of 10 animals given tiic componml in 5 per 
cent concentration in their drinking water, 8 died in from five to twelve days. 
The kidneys of the 8 rats were the site of extensive degeneration, and tlic livers 
of 5 were also abnormal. 'Phe kidneys of the remaining 2 animals, killed on 
the sixth and eighth days, respectively, were similarly involved. One of these 
also showed involvement of the liver. Two rats on 1 per cent dioxanc for one 
hundred and ten days, followed hy 3 per cent for forty-one and forty-eight days, 
respectively, had patchy areas of degeneration in the kid\ieys. One also had hepatic 
damage. 

Five per cent dioxanc is relatively unpalatable to rats and was poorly taken. 
The estimated intake of dioxane was 1 cc. per kilogram of body weight per day, 
which sufliced to cause fatal renal damage in five days— an observation which 
emphasizes the relatively high toxicity of this compound when taken by month. 

19. Fairley, A.; Linton, E. C., and Ford-kfoore, A. H.: J. Hyg. 34:486, 1934. 

20. Yant, W. P.; .Schrenk, H. I-I.; Waite, C. P., and Pattv, F. A.: Pub 
Health Kep. 45:2023, 1930. 

21. Barber, H. : Guy’s Hosp. Rep. 84:267, 1934. 

22. De Navasrpicz, S. : J. Hyg. 35:540, 1936. 
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Explanation of Figure 3 

A, hydropic degeneration of the renal cortex in a rat which received dioxane 
in a concentration of 5 per cent in the drinking water. Death occurred on the 
sixth da 3 L 

B, hydropic degeneration of liver cells about efferent veins in a rabbit which 
received 1.5 cc. per kilogram of dioxane intravenously and was killed on the 
fourth day. The blood nonprotein nitrogen amounted to 242 mg. in 100 cc. 

C, hydropic degeneration of the renal cortex of a rabbit that received 4 cc. 
per kilogram of dipropylene glycol and was killed seventy-two hours later. The 
blood nonprotein nitrogen amounted to 286 mg. in 100 cc. 

D, hydropic degeneration of the liver cells adjacent to an efferent vein in a 
rabbit that received 4 cc. per kilogram of dipropylene glycol intravenously and 
was killed at the expiration of seventy-two hours. 
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Two rabbits were given intravenous injections of 1.5 cc. of dioxane per kilo- 
gram of body weight in 25 per cent solution. One died two days later, and its 
kidneys exhibited several cortical areas of degeneration. The kidneys and liver 
of the second rabbit, killed on the fourth day, were markedly damaged, and the 
nonprotein nitrogen of the blood had risen to 242 mg. in 100 cc. 

The pathologic observations in the kidneys of the animals are essen-' 
tially those described by De Navasquez and by Fairley, Linton and 
Ford-Moore.^® The)'' reproduce exactly the lesions due to diethylene 
glycol, namely, extensive hydropic degeneration of the epithelium of the 
convoluted tubules, every tubule being involved in most of the animals 
(fig. 2) A). High levels of blood nonprotein nitrogen ensue. Symmetric 
cortical necroses are not seen. 

The livers of affected animals are also the site of the same lesion 
observed in the animals receiving diglycol, namely, s'welling and hydropic 
degeneration of the liver cells about efferent veins (fig. 3B). De 
Navasquez found the vacuoles in the liver cells to be filled with glycogen 
and was doubtful whether they could be considered pathologic. Although 
we were able to stain a little glycogen in some of the liver cells (by fixing 
thin slices in absolute alcohol immediately after death, embedding in 
pyroxylin, and treating with Best’s carmine stain), this glycogen is finely 
divided or in a diffuse state and is in the cytoplasm present about the 
vacuoles. The vacuoles themselves remain empty looking and unstained. 
Fat is not present in them, nor is it present in the vacuolated cells in 
the kidney. A little finely divided fat is, however, occasionally seen 
in both the epithelial and the Kupffer cells of the liver. 

DIPROPYLENE GLYCOL 

The pathologic effects of dipropylene glycol, the next higher homo- 
logue of diethylene glycol, had not been studied previously. 

The drinking water of 7 rats contained from 1 to 5 per cent of dipropylene 
glycol for from thirty-three to seventy-seven days, without detectable effect on 
the animals. All organs were normal. When, however, a concentration of 10 
per cent was given over periods of from nine to sixty-eight daj's to a total of 25 
rats, 7 died at the end of from ten to thirty days. The kidneys of 5 of the dead 
rats had become the site of lesions (as early as the tenth day in 1 rat). The 
remaining 18 rats were killed after from nine to sixty-eight days. The kidncj'S 
of only 4 of these had become involved (as early as the ninth day in 1). 

Ten rabbits received from 2 to 4 cc. per kilogram of body weight of dipropylene 
glycol intravenously. Two of these rabbits died on the fourth day, and lesions 
had occurred in the kidneys of both. The remaining 8 were killed after from 
one to twenty-one days. The kidneys of 3 exhibited similar lesions (as early as 
the third da}' in a single instance). One of these also had involvement of the 
liver. A dose of 4 cc. per kilogram was necessary to cause renal changes and 
to raise the nonprotein nitrogen of the blood (to as high as 406 mg. in 100 cc. 
on the sixth day in 1 rat). 
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Lesions identical to those produced by dicthvlene glycol arc present 
in animals receiving dipropylene glycol. Extensive hydropic degenera- 
tion of renal epithelium is seen, with, in some cases, an occasional 
hemoglobin-containing cast in the collecting tubules (fig. 3 C). Damage 
to liver parenchyma is more inconstant and more difficult to produce 
(fig. 3D). 
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COMMENT 

The several experiments are summarized in table 2. From them 
there emerge the following observations ; (o) ethylene glycol and ethylene 
glycol diacetate may cause deposition of oxalates in the kidneys and mild 
renal insufficiency; (I?) propylene glycol is relatively harmless, espe- 
cially when given by mouth, large intravenous doses being necessarv to 
cause hemoglobinuria and casts; (c) diethylene glycol, the methyl, ethyl 
and butyl ethers of diethylene glycol, dioxane and dipropylene glycol 
are all capable of causing profound degeneration of renal epithelium 
leading to uremia. 
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The members of this last group of compounds have at least one 
structural factor in common. The molecules of diglycol and its ethers, 
of dipropylene glycol and of dioxane contain an ether linkage between 
two glycol molecules. The cyclic compound dioxane possesses two such 
linkages, which may in part account for its relatively high toxicity. The 
molecules of ethylene glycol, ethylene glycol diacetate and propylene 
glycol lack this particular type of ether linkage. At the same time their 
respective effects on parenchymatous epithelium differ from those of the 
preceding compounds. It is suggested that the ether linkage between 
two glycol molecules may be responsible for the hydropic degeneration 
of the epithelium of the convoluted tubules and of the liver cords. 

An outstanding feature of the effect of the compounds causing 
hydropic degeneration of the kidney is the extensive character of the 
damage wrought. In each experiment one or more of the animals was 
apparently unaffected by the drug, but in the injured animals the lesions 
were usually maximal, involving as a rule the entire cytoplasm of every 
cell in every convoluted tubule. Occasionally only groups of tubules 
were the site of degeneration, but almost invariably ev.ery cell of the 
segment of tubule involved was completely hydropic. Multiple small 
vacuoles in a given cell were uncommon. It would seem that the col- 
loidal structure of the cytoplasm of an injured cell relatively suddenly 
loses its integrity and approximates a true solution. 

The animals that received diglycol and its ethers, dioxane and dipro- 
pylene glycol died usually as a result of the damage to the convoluted 
tubules, in uremia. The carbitols and diprop)dene glycol are not 
palatable to rats in moderate concentrations, so that some of these 
animals consumed less water than their minimal requirements in view 
of the dry nature of their diet. Partial refusal of food sometimes fol- 
lowed, and dehydration and starvation were probably factors in the 
death of certain of these animals. The cause of death of the animals 
that received glycol and glycol diacetate was not always obvious. In 
not all instances were the deposits of oxalates in the kidney sufficiently 
extensive to cause demonstrable obstruction of tubules and a significant 
rise in the nonprotein nitrogen of the blood. As suggested by Hunt 
a question arises as to the possible foi*mation of toxic intermediary 
products. 

The relative toxicity of these compounds is roughly indicated in 
the protocols and will be taken up in detail in a separate report. It 
may be emphasized, however, that appreciable amounts of the several 
chemicals must be given to produce demonstrable changes in the animals 
used. In no instance was less than 1 cc. per kilogram of body weight 
effective. 
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CONCLUSIONS 

Dipvopylcnc glycol, dicthylone glycol, dioxanc. carbitol, methyl 
cavbitol and butyl carbitol when administered in adequate dosage orally 
or intravenously to animals cause extensive hydropic degeneration of the 
renal convoluted tnlndes, leading to uremia ; less regularly, there is 
hydropic degeneration of the liver parenchyma. 'I'hese compounds 
resemble each other in containing an ether linkage between glycol 
molecules. Ethylene glycol, ethylene glycol diacetate, atid propylene 
glycol do not have such a structure, nor do they cause similar lesions 
in animals. 



CARTILAGINOUS FOCI IN THE HEARTS OF 
WHITE RATS AND OF MICE 

W. C. HUEPER, M.D. 

NEW YORK 

Spontaneous cardiovascular lesions in small rodents used for experi- 
mental purposes have been reported recently (Hueper^; Wilens and 
Sproul"). No mention has been made of cartilage in the hearts of 
rats and mice as described in this report. 

During routine histologic examination of several thousand hearts of 
white rats and mice small cartilaginous nodules or bands in the region 
of the aortic ring were observed in a number of animals, which were 
as a rule young adults. As no systematic study was made, accurate 
figures for the incidence of the cartilagenous formations and for their 
relation to age are not available. The hearts were usually cut longitu- 
dinally through the base and apex. The presence or absence of the 
aortic bulb in the sections determined mainly the chance of finding 
cartilaginous areas. They were seen in about 100 of approximately 
3,000 rats and in about 15 of 1,000 mice. The actual incidence prob- 
ably was much higher. 

There are usually two cartilaginous nodules in the aortic ring, one 
at the site of attachment of the right semilunar valve and the other at 
the base of the left semilunar valve. It is not rare that a sort of 
transitional tissue or even well developed cartilage connects the two 
nodes in the form of a curved band. The nodules are irregular in 
shape and indistinctly defined. In their central portions they consist 
of a h)^aline cartilage, while in the marginal parts they contain some 
fibrillar material, form small cartilaginous buds and gradually merge 
with the surrounding fibroblastic, myxomatoid or muscular tissue. The 
cartilaginous cells are embedded in a bluish-staining matrix. They are 
often vesicular or seem to have undergone mucoid transfbnnation. As 
shown in the figure, the cells contain not infrequently two oval or round 
nuclei, located in small cavities. 

It is obvious that these cartilaginous deposits in the fibrous skeleton 
of the heart are not the products of a metaplastic process, such as that 
observed occasionally in degenerative foci of the heart and arteries of 

From the Warner Institute for Therapeutic Research. 

1. Hueper, W. C.; Arch. Path. 20:708, 1935. 

2. Wilens, S. L., and Sproul, E. E. : Am. J. Path. 14:177 and 201, 1938. 
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man and animals (Rihherl-''; Mdnckehcrg ■* ; Wci/.mann ; Spicgd'’: 
IvHcsowicz ’ : Otto''*; Lillie*') Inil arc ihc results of a normoplastic 
transformation of fibrous tissue exposed to s]iecial stress under jihy- 
siologic conditions. 

’riicsc cartilaginous foci are comparable to similar ones in the hearts 
of mammals (horse, sheep, bnfi'alo. rabhit). reptiles (turtle, alligator, 
crocodile) and birds (cbickcn) (Rctterer and Lelievre"'; Korn”; 
Hausotter*-; Favaro **'; GreiP'; Reddard and Mitchell”': StiefeP": 
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Cartilaginous plate in the aortic ring of the heart of a rat. 
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Benningholf I can confirm by personal observations the report that 
such nodules occur in the hearts of rabbits (Vanzetti ^®), studied during 
the same period as the rats and mice. In all instances the cartilage is 
hyaline. In sheep it may change into bone with increasing age through 
enchondral ossification. In birds it has been found not only in the 
aortic ring but also to a minor extent in the annulus of the pulmonary 
artery. 

SUMMARY 

Attention is called to the not infrequent occurrence of small car- 
tilaginous areas in the aortic ring in white rats and mice which are not 
pathologic lesions but physiologic formations. 

17. Benninghoff, A. : Das Herz, in von Mollendorff, W. : Handbuch der mikro- 
skopischen Anatomic des Menschen, Berlin, Julius Springer, 1930, vol. 6, pt. 1, 
p. 187. 

18. Vanzetti, F. : Arch. ital. de biol. 56:265, 1911. 



SPIROCHETES IN THE GASTRIC GLANDS OF 
MACACUS RHESUS AND OF MAN WITH- 
OUT RELATED DISEASE 

JAMES L. DOENGES, M.D. 

ST. LOUIS 

The observation made by Cowdry and Scott ^ that spirochetes 
occur in the gastric glands of normal-appearing monkeys of the species 
Macacus rhesus is of interest, for these animals arc closer to man 
than dogs, cats and rats, in which spirochetes have been reported to 
occur in the same location, without any accompanying signs of illness.- 
For reasons difficult to explain, these spirochetes can be easily seen 
in ordinary sections stained with hematoxylin and eosin. 

Data on spirochetes in the human stomach arc less dcfiititc than data on spiro- 
chetes in the stomachs of animals. Escherich ^ described spirochetes in the feces 
of patients with cholera and his observations have been confirmed. Le Dantec-* 
called attention to their occurrence in the feces of patients with diarrhea of long 
standing, whicli he did not believe to be cholera. Witli the introduction of arseni- 
cals specific for syphilis, the diagnosis of spirillar dysentery was established. 

Spirochetes in the human stomach were first reported by Salomon in 1896. 
Confirmation followed, and it was emphasized that spirochetes were seen in the 
human stomach only in the presence of gastric carcinoma and only wlien tlie car- 
cinoma was ulcerating. Their number was said to be proportional to the extent 
of the ulceration. Hoffmann® stated that the spirochetes do not enter the tissue 
but are limited to the necrotic material at the surface. They were found bj' 
Krienitz ® in gastric contents removed by evacuation. Attempts to establish an 
etiologic relation between spirochetes and non-ncoplastic gastric ulcers have 
not been successful. Some investigators have gone so far as to state that spiro- 
chetes are never found in them." Luger ® explained the presence of spirochetes 
in ulcerating carcinomatous areas and their absence in ulcers as due to the libera- 
tion in the former of proteins and amino acids which stimulate their growth. 

From the Anatomical Laborator}-, Washington Universilj’- School of Medicine. 
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As to the nature or source of the spirochetes, little is known. Macfie and 
Carter ® described their occurrence in the stools of 56.2 per cent of normal 
persons. Whether those in the stools and stomach are identical is not known; 
but the consensus seems to be that they are neither the spirochetes of Vincent’s 
angina nor those of syphilis. 

Investigations on animals and on man have been but inadequately 
correlated. To obtain material from normal persons is possible only 
in cases of accidental death. In such cases tissues have apparently not 
been examined for spirochetes. In a preliminary note on specimens 
obtained at autopsy I have reported that spirochetes inhabit the gastric 
glands and invade the parietal cells in somewhat the same way as they 
do in monkeys.^® The main question is : Are human stomachs, like 
those of monkeys, dogs, cats and rats, regularl}^ infected with spiro- 
chetes in the complete absence of definite related disease? If so, what 
is the incidence of spirochetes in human stomachs and how closely do 
these spirochetes resemble tliose in the stomach of Macacus rhesus in 
respect to location, associated lesions, if any, and other particulars? 

An attempt has been made to secure this information by detailed 
study of sections of human stomachs removed at autopsy and of prepa- 
rations of stomachs from monkeys. 

observations 

From a large series, sections of 242 human stomachs were selected on the 
basis of good preservation and absence of marked postmortem changes, which 
it was thought gave opportunity for the discover}'^ of spirochetes if they were 
present. The sections were stained with hematoxylin and eosin. Spirochetes were 
found in 103, or 43 per cent, of the specimens examined (fig. 1). It is likely 
that if more sections of each stomach had been studied the incidence of spiro- 
chetes would have been found to be greater. It was not possible to correlate 
their presence with the anatomic diagnosis. The 139 stomachs in which spirochetes 
were not found did not appear to differ in any significant way from the others. 

Usually the spirochetes were few and were detected only after careful search. 
Sometimes granules were observed in the parietal cells resembling those observed 
by Edkins in cats which had not been fed for some time. Perhaps the stomachs 
in question were from persons who had not taken nourishment for several hours 
or days before death. Eleven of the stomachs showed many spirochetes, but they 
infection was never so extensive as the maximum seen in the stomachs of the 
monkeys. 

Four forms of spirochetes were seen in human gastric glands. The first two, 
indistinctly shown in figure 1, looked like those found in the monkejy One of 
these was a rather thick organism with only two or three spirals. The length 
varied from 4 to 8 microns, and the usual diameter was about 1 micron. This form 
was occasionally seen within parietal cells and was the one most frequently 
encountered in the human stomach. The two other forms were seen infrequently 
but at times were the only ones detected within a single section. Generali}'' two 
of the varieties were found in the same section. The second most common spiro- 


9. Macfie, J. W. S., and Carter, H. F.: Ann. Trop. Med. 11: 75, 1917. 

10. Doenges, J. L. : Proc. Soc. Exper. Biol. & Med. 38:536, 1938. 

11. Edkins, J. S. : Parasitology 15:296, 1920. 
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chctc in the human stomacli was an organism whicli in appearance was entirely 
similar to that already described hut smaller in all dimensions. 1 he length varied 
from 2 to 4 microns, and the average diameter was less than 0.5 micron. This 
spirochete also had only two or three spirals. The third form was discovered 
in only a few stomachs. Its length was between 8 and 20 mcirons, but it had 
only from three to five spirals. In diameter it was thin, being never more than 
0.75 micron and usually not more than 0.5 micron. In 2 specimens spirochetes 
which showed sharp angulation were found. These were never abundant. Ibis 
fourth form was about 6 microns in length and 0.75 micron in diameter and it 
bad from si.K to eight siprals, which were equidistant and showed great regularity 
of shape. A similar spirochete was frequently seen in monkeys and is well shown 
in a parietal cell a little above and to the left of the center in figure 2 B. 

The series of specimens from monkeys was smaller, but the tissues were 
removed immediately after the animals were killed and as nearly as possible 
from tbe same fimdic region of the stomach. Most of them were preserved in 



Fig. 1. — Spirochetes within the lumen of a human gastric gland. Note the 
cellular infiltration in the surrounding tissue fluid ; X 2,000. 

formaldehyde-Zenker solution,*- but several were fixed in a fluid that was 9 parts 
absolute alcohol and 1 part solution of formaldehyde U. S. P. The sections 
were stained with hematoxylin and cosin. No difference depending on the fixative 
used was observed in the appearance of the spirochetes. 

Spirochetes were noted in all of 19 monkeys given viostcrol, as detailed by 
Cowdry and Scott,* and in all of 24 others which were used as controls. No 
consistent difference was found between the spiroclietes of treated and those of 
untreated animals. As a rule the spirochetes were very numerous, and only in 
an occasional section was difficulty experienced in finding them. They occurred 
at all depths of the gastric mucous membrane, sometimes in the mucous lining 
of its internal surface and always in the necks of the glands. In the latter 
situation the spirochetes often appeared as deeply stained plugs of material, sug- 
gestive of extracellular multiplication (fig. 2 A). The row of epithelial cells on 


12. This is a fixing fluid made by substituting neutral solution of formalde- 
hyde U. S. P. for glacial acetic acid in the original formula of Zenker’s solution. 
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Explanation of Figure 2 

A, large masses of spirochetes in the lumen of the neck of a gastric gland of 
a monkey. Observe the rarefaction of the distal cytoplasm covered by the spiro- 
chetes; X 2,000. 

B, spirochetes within the glandular lumen and parietal cells of a monkey. The 
number of spirals can be counted in two spirochetes in a parietal cell a little above 
and to the left of the center. In a parietal cell with a large nucleus near the 
upper right hand corner a spirochete is shown partly in the lumen and partly in 
the cytoplasm or in a canaliculus entering the cytoplasm from the lumen. Below 
this organism are at least 2 others within the same cell and surrounded by 
thin halos; X 2,000. 

C, numerous spirochetes within the lumen of a monkej'’s gland, limited chiefly 
by parietal cells, the acidophilic granular cytoplasm of which is well shown. The 
lumen extends from the upper left to the lower right. Examining the parietal 
cells from above downward on the -left side of the lumen, the first 2 are of normal 
size and appearance. The nucleus of the second even possesses a well formed 
nucleolus. The nuclei of the next 3 cells are by contrast smaller, blurred, irregular 
and somewhat fragmented. Either the spirochetes extend into the -lowermost 
parietal cell or the cytoplasm of the cell partly surrounds the glandular lumen. 
The background of these spirochetes looks like the luminal background higher up 
in the photomicrograph; X 2,000. 

D, lumen of a monkey’s gastric gland. This lumen is not so straight as that 
in C. Entering the area from the right, it extends horizontally about half way 
across and then dips sharply downward. Above the first part of the horizontal 
portion is a binucleated parietal cell. In the cytoplasm to the left of the 2 
nuclei is a short spirochete (or part of a long one) extending almost vertically 
upward and surrounded by a rather wide halo (or segment of a canaliculus). 
Next, on the same horizontal level, are the nuclei of 3 cells in which the cytoplasm 
is of small volume. These may be chief cells. Below the nucleus most .distant 
from the right margin of the figure there is a suggestion of a spirochete. Passing 
now to the cells below the horizontal part of the lumen, one notes that the first 
2 nuclei resemble those of chief cells, but there is a slight dip in the lumen with 
a definite and characteristic convergence of spirochetes into it, as if they were 
entering a parietal cell. The third nucleus from the right appears in section to 
be smaller and may belong to a cell in the tissue fluid. Extending from it to 
the left margin of the figure is granular cytoplasm, t 3 '^pical of parietal cells. The 
lateral cell walls cannot be distinguished, and the nuclei are faint and indistinct. 
The second nucleus from the left hand margin appears to have been fixed in the 
process of breaking up. In the lowest part of the dip of the glandular lumen, in 
the lower left portion of the figure, the spirochetes are oriented roughly parallel 
to each other and are partly within degenerating parietal cells; X 2,000. 
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Figure 2 
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the left side of the lumen in figure 2 A showed an interesting change. Their 
cytoplasm was divisible into two parts : an inner (proximal) and an outer (distal) 
part next the organisms. The latter appeared clear, as if the cytoplasm had 
been slightly altered by the plug of spirochetes. In other cases the cells next 
the spirochetes seemed to be flatter than usual. When comparatively few organisms 
were present in the lumens of the necks of the glands, many were found in the 
lumens of portions of the glands rich in body chief cells and parietal cells. 

Though the majority of spirochetes were extracellular, a considerable number 
were intracellular, always in the parietal cells and never in goblet mucous cells or 
in pepsin-forming chief cells. As many as 7 were found in a single chief cell, 
oriented in general with their lengths parallel to its proximodistal axis. Some 
were seen next to the nucleus, while others were gathered about it. Signs of 
injury in infected chief cells were limited to the distal cell membrane and adjacent 
cj'toplasm, when masses of spirochetes in the lumen were packed closely against 
it, and even then the signs were inconspicuous. The nuclei of such cells stained 
in the usual fashion. 

In all the specimens from the monkeys spirochetes were noted within the 
parietal cells (fig. 2B), but the number in them did not appear to be in direct 
relation to the massive plugs of spirochetes in the lumens of the necks of the 
glands. Moreover, there were always more parietal cells infected than chief 
cells. The cell mainly involved in man, as well as in monkeys and in the other 
species described in the literature, is the parietal cell. In monkeys the number 
of organisms within a single parietal cell was generally between 2 and 8 but 
varied from 1 to 30. Often the entire cell was not included in a single section. 

The exact position of the spirochetes within the monkey parietal cell was 
difficult to determine, because in hematoxylin-eosin preparations the outlines of 
the intracellular canaliculi were not clearly visible. It is to be remembered that 
Regaud came to the conclusion, from the study of sections treated with the 
iron-hematoxylin stain, that the spirochetes of cats and dogs occur only within 
the canaliculi and not freely in the cytoplasm of parietal cells. The only way 
to settle the matter of the position in monkeys would be to stain supravitally the 
contents of the canaliculi by the methods of Harvey and Bensley ; but no living 
monkeys were available for the purpose. All that can be said is that in the 
hematox 3 din-eosin specimens examined many spirochetes were present in the 
rather wide opening by which the canalicular sj'stem discharges into the lumen 
of the gland. Others were undoubtedly present within canaliculi situated more 
deeplj' in the substance of the parietal cells. Occasionally a single spirochete was 
observed in the cytoplasm surrounded by a faint halo (fig. 2B). It was not 
possible to determine whether the halo represented localized liquefaction of c 3 'to- 
plasm or a narrow canaliculus. In figure 2B there are two long spirochetes 
in a parietal cell above and a little to the left of the center. These appeared 
to be in close contact with the acidophilic granules. They were not through- 
out their lengths within recognizable canaliculi. Whether within the canaliculi 
or outside of them, the organisms tended to be arranged with their lengths 
in a proximodistal direction, but less distinctl 3 ’' than in the chief cells, for the 
parietal cells are of a more rounded shape than the chief cells. Frequently 
spirochetes were found apparently touching the nucleus or close to it. In general, 
the intracellular spirochetes occurred separate^’- and were not closely applied 
together in masses of 4 or more. 


13. Regaud, C. : Compt. rend. Soc. de biol. 1:229, 1909. 

14. Harvey, B. C. H., and Bensley, R. R.; Biol. Bull. 23:225, 1912. 
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While all the chief cells escaped definite injury by the spirochetes except, 
perhaps, for slight rarefaction of the cytoplasm, which did not seem to be lethal, 
the parietal cells showed gradations between no apparent injury and death. 
The majority were not noticeably affected. In some the spirochetes were dis- 
covered in particularly close association with the nuclei, and in others they 
actually entered the nuclei, but this was a rare phenomenon. Some of the 
nuclei became shrunken, pyknotic and broken up (fig. 2 C and D). The cyto- 
plasm became granular or vacuolated, the distal cell membrane was destroyed, 
and the cell substance exuded into the glandular lumen. The whole cell was 
sometimes cast out in this manner. 

The tissue fluid just beneath (proximal to) the glandular epithelial cells was 
in some specimens iin-aded by leukocjtcs, mostly neutrophils and lymphocytes. 
A considerable number of plasma cells were seen. Though this invasion was 
sometimes associated topographically with cellular injury and an abundance of 
spirochetes, there were instances of its occurrence apart from the possibility of 
direct spirochetal injury, and in some glands heavily infected with spirochetes 
(fig. 2 C, to the right) the tissue fluid did not exhibit an unusual number of 
infiltrating cells. 

It is to be emphasized that in the stomachs of both man and monkey the 
infection was far from uniform; one gland frequently contained many spiro- 
chetes and neighboring ones few, if any. Even in the same gland the parietal 
cells were affected individually, not cn wassc. Often normal-appearing cells, 
devoid of spirochetes, were in contact with severely injured ones. 

Since all of the “infestations" occurred naturally, it was not feasible to establish 
a sequence of changes. There is, therefore, no evidence as to whether the spiro- 
chetes caused the injury of parietal cells or simply invaded parietal cells rather 
generally, some of which were near the end of their life cycle anyway and destined 
to disintegration and removal to make place for others. 

In the monkey as in man fairly definite forms of spirochetes were observed. 
The first form is illustrated in figure 2 B, C and D but particularly in figure 2 B. 
It varied in length from 5 to 8 microns and in diameter from 0.5 to I micron 
(average 0.75). The number of sharply angular spirals varied from four to 
fourteen (average, six to nine). The second (fig. 2 A) was generally between 
4 and 8 microns in length and 1 micron in diameter. It possessed of from two 
to four irregular and but slightly angular spirals and resembled closely the 
human spirochetes in figure 1. The third was a long slender organism about 0.5 
micron in diameter and with only from two to four spirals in a length of 10 
microns or more. It was seen only in the stomach of a single monkej’. As a 
rule only one form was observed in a single gland. When two forms were seen 
in a section, there was always a great numerical predominance of one over the other. 

COMMENT 

The incidence of spirochetes in the gastric glands of Macacus rhesus 
was 100 per cent in a series of 43 animals. If the conditions for 
examination of lutman gastric glands had been more favorable, the 
incidence would probably have been found to be higher than 43 per cent. 
Bizzozero found them in all dogs which he examined. Regaud 
considered them to be normal findings in both dogs and cats. Lim^® 
looked on spirochetes in the gastric glands of cats as a more or less 


15. Lim, R. K. S. : Parasitologj'- 12:108, 1920. 
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localized laboratory infection. Edkins examined 105 cats from dif- 
ferent localities and stated that it seemed permissible to regard spiro- 
chetes as just as characteristic of their gastric glands as fleas of their 
fur. Data for the incidence in rats are less definite. In general, 
however, it can be said that the reported incidence is either 100 per 
cent or approximately so in the various species most carefully studied. 
It is significant also that the infection is species specific. Though present 
in rats, the spirochetes are absent in mice (Kasai and Kohayashi 
and though present in Macacus rhesus, they are apparently lacking in 
Cebus fatuellus (Cowdry and Scott ^). Another point is that if they 
are pathogenic at all their pathogenicity is low. Kolmer and Wagner 
looked particularly for associated lesions and stated that hyperemia 
and leukocytosis were absent. It is also clear that the infection centers 
on a particular type of cell — the parietal cell, which is concerned with 
the formation of hydrochloric acid. It does not ordinarily extend to the 
intestine. For these reasons, the conclusion appears to be justified 
that Macacus rhesus, and probably man also, is to be listed with the 
dog, the cat and the rat as a species which harbors spirochetes in 
the gastric glands without definite clinical symptoms and further that 
because of the high incidence, lack of response by the host and restricted 
location in cells the infection in each species is likely to be one of long 
standing. No evidence is available as to the age when the infection 
begins. Cowdry and Scott ^ found spirochetes in monkeys about 2 
years old as well as in others at least 10 years old. 

An important question is: Can these spirochetes, which exist in 
man and in the animals commonly employed for experiments and 
which are ordinarily harmless, be ignored in physiologic and pathologic 
studies on the stomadi? Information on which to base an answer is 
unfortunately rather inconclusive and scarce. Reference has been made 
to Edkins’ observation that in cats the spirochetes are most abundant 
shortl}^ after feeding and that as the hours pass fewer spirochetes are 
seen even in the parietal cells, in which he found small rounded bodies 
disposed roughly in spiral lines suggestive of a stage in multiplication. 
Cowdry and Scott ^ noted no difference in spirochetal infection of 
Macacus rhesus after administration of viosterol over both long and 
short periods. Oshikawa observed in gastroenterostomy of dogs that 
the spirochetes remained confined to mucosa containing parietal cells 
and did not spread to the anastomosed intestinal mucosa, Kasai and 
Kobayashi inoculated rabbits, which are naturally devoid of gastric 
spirochetes, with gastric spirochetes from cats and fixed rabies virus 


16. Kolmer, W., and Wagner, R. J. : Centralbl. f. Bakt. (Abt. 1) 78:382, 1916. 

17. Kasai, K,, and Koba 3 'ashi, R, : J. Parasitol. 6 : 1, 1917. 

18. Oshikawa; Arch. i. klin. Chir. 124:559, 1923. 
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and inoculated a control group with spirochetes only. In the stomachs 
of the former punctate hemorrhages and hemorrhagic erosions resulted. 
In the control rabbits no similar lesions occurred, but large numbers of 
spirochetes were found in the stomachs of both groups of animals. 

SUMMARY 

Spirochetes were found in the gastric glands of 103 (43 per cent) 
of 242 human stomachs examined in the routine of autopsies. They 
were also noted in all of 19 monkeys (Macacus rhesus) treated with 
viosterol and in 24 left untreated. In both the human and the monkey 
stomachs the spirochetes occurred in the glandular lumens and in less 
number in the parietal cells. Distinctive clinical symptoms were absent, 
and microscopic lesions associated with the spirochetes were slight or 
altogether lacking. 



PULMONARY EPITHELIUM AND PROLIFERATIVE 
REACTIONS IN THE LUNGS 

A STUDY OF THE CELLULAR RESPONSE IN LUNGS AFTER INTRATRA- 
CHEAL INJECTION OF TOXIC AND NONTOXIC 
FOREIGN SUBSTANCES 

IRA S. ROSS, M.D. 

DURHAM, N. C. 

The lining of the pulmonary alveoli and the mononuclear cells fre- 
quently seen in the alveolar spaces have been the object of numerous 
investigations. Recently several historical studies and reviews have 
been published (Miller ^ ; Foot - ; Capped ® ; Josselyn ^ ; Fried to which 
the reader is referred for a more extensive bibliography. In discussing 
the points at issue, only those considered to be current (Macklin °) ivill 
be treated. 

LITERATURE 

There are three prevalent conceptions concerning the alveolar lining. 
The first is that there exists a complete endodermal epithelium con- 
tinuous with that which lines the other respiratory passages. Recent 
supporters of this point of view are Miller,^ Foot,^ Gardner and Smith,’ 
Young,® Parker and Weiss,® El-Gazayerli,^° Bensley and Bensley,^^ 
Bensley and Groff and Bremer.^® The second contends that the alve- 
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olar wall is incoinplelcly covered by stirvivinpj endodernial cells. 'I'liis 
lias been inaiiitaincd of late by Palmer,’' Wenslaw '''■ and Prodersen.’" 
The third holds that the wall is completely divested of its orij^inal epi- 
thelium and is composed only of cells of me.sodermal orifi^in (Jossclyn ' ; 
Loosli ’* ; Fried 

As for the alveolar phai;ocyte (dust cell. IIcrl:;fi'}ilciii:cll, and so on), 
current authorities on this may be divided arbitrarily into three schools. 
First are those investij^ators who hclicve that this cell may arise from 
the pulmonary epithelium. Amon.ct them Cappell and Carleton have 
done recent work. Second is the school which holds it to he of 
mesodermal origin (Miller’; Foot"; Gardner and Smith"; El-Gazay- 
erli'**; Josselyn '; Loosli’"; I'l'icd’"; Bloom"'’; Wright"'; Ungar and 
Wilson The third school may be disregarded. To my knowledge, no 
one who in the last ten years has worked ]:)rimarily to investigate this 
cell now hclicvcs the alveolar phagocyte to he derived from endothelium. 

The dilYcrcnt methods which have been applied to the study of 
these problems arc reviewed here and criticized briefly in order to intro- 
duce the rationale which lies hehind the present work. 

In general, the methods employed may be listed as follows : (1 ) The 
outlining of the epithelial cells by specific staining; (2) the employment 
of vital and supravital technic; (3) embryologic and phylogenetic stud- 
ies; (4) the treatment of basement membranes with stains for connective 
tissue to differentiate cell layers; (5) the alteration of the architecture 
of normal lungs in an endeavor to make epithelium more visible, and 
(6) the production of proliferation of the constituent cells. 

In the first group, IBcnslcy and Bcnslcy " used intravenous gold 

sodium thiosulfate to demonstrate ground substance, silver stains by 

intratracheal injection to outline epithelial cells and Bielschowsky stains 

for reticular fibers. They concluded that the pulmonary alveoli of adult 

mammals are lined by a continuous cellular membrane. On the other 

hand, Jossclyn ‘ ai^plied similar methods and came to the conclusion that 
(\ 

14. Palmer, D. M.: Am. J. Anat. 58:59, 19.1f). 
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17. Loosli, C. G.; Anal. Rcc. f)2:.381, 19.35. 

18. (a) Fried, B. M.: Arch. P.ath. 18:865, 19.34. (h) Fried, B. :M., and 

Whitaker, L. R. : Arch. Int. Med. 40:726, 1927. (r) Fried, B. M.- Arch Path 
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the black lines seen on alveolar septums in silver nitrate impregnations 
of lungs may not be the boundaries of living cells. Moreover, be 
maintained that the alveolar wall is lined by a homogeneous ground sub- 
stance on which the continuity of the cellular membrane depends. 

Among the embryologists, Bensley and Groffs- worked with mac- 
erated lungs of young rats at various stages from 20 day embryos to 
adults. They described the cuboidal alveolar epithelium as persisting 
until the twentieth day of gestation. After that time it became stretched 
into a thin membrane with successive inspirations just before and after 
birth, remaining thereafter as a distinct membrane demonstrable in adult 
life. Wenslaw studied late stages of embryonic life in man. He, in 
turn, claimed that in some places the pulmonary epithelium acquires an 
apparent discontinuity at the end of fetal life but that under certain 
conditions it reverts to the primitive condition of a continuous layer of 
cells loaded with lipoid and lining the alveoli. 

Gardner and Smith studied normal guinea pig lungs supravitally 
stained with neutral red. They concluded that the alveolar epithelium 
and the local vascular endothelium play no part in the origin of the 
alveolar phagocyte. On the other hand, Cappell ^ maintained that those 
cells reacting to particulate dyes introduced intratracheally are derived 
from cells in the alveolar lining and confine their activities to those spaces 
bounded by pulmonary epithelium. 

By a combination of the fourth and fifth technics, Loosli studied 
lungs after collapse by phrenicotomy and pneumothorax and ligation of 
the pulmonary veins. He used the Mallory- Azan technic to stain ground 
substance and contended that : “At present there is no morphologic or 
histologic method which can demonstrate that the nucleated cells in the 
capillary meshes in the alveolar septa form a continuous histologic epi- 
thelium lining the spaces in the respiratory portion of the collapsed or 
expanded rabbit’s lungs.” 

Parker and Weiss ® studied lungs altered by the changes occurring in. 
mitral stenosis, using the Lee-Brown modification of Mallory’s stain for 
connective tissue. In this manner they combined the fourth with the 
sixth approach and concluded that the alveolar wall is covered by flat- 
tened epithelial cells. 

The approach which aims to induce cellular proliferation has, in 
turn, resulted in conclusions at A'-ariance Avith one anotlier. Miller^ 
studied desquamation as it occurs in lobar pneumonia. Foot ^ Avorked 
Avith supravitally stained films and paraffin sections of supravitally 
stained lungs in AAffiich milk pneumonia had been induced. Young® 
used irritants introduced intrapleurally. El-Gazayerli added cytologic 
specific staining to Young’s approach and described del Rio Hortega’s 
sih^er carbonate stain as being specific for phagocytes. Sprunt, Martin 
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and Williams, following up work done by Winternitz and his asso- 
ciates on reactions in the lungs in which alveolar epithelial proliferation 
plays an important role, used bacteria and bacterial toxins. All these 
investigators were convinced of the integrity of the alveolar epithelial 
lining. On the other hand. Fried worked with vital stains and foreign 
bodies of a nontoxic nature introduced intratracheally. He expressed 
the opinion that there is no endodermal epithelial lining to the alveolus 
but that the large mononuclear cells found in the pulmonary alveoli in 
inflammatory and congestive processes are macrophages, originating 
from cells of mesenchymal origin found along the walls of the air 
vesicles. 

It seems that much of the confusion in the past has been due to the 
fact that until very recently little attention has been paid to a correla- 
tion between the type of reaction and the strength of stimulus used, 
or to the time element concerned in the various inflammatory reactions 
in the lungs. Thus Fried,^®*^ using a nontoxic foreign substance (iodized 
poppyseed oil 40 per cent), brought out macrophages-'^ with very little 
epithelial proliferation. Again, Cappell ’ kilted his animals only one- 
half hour after injecting one dye intravenously and another intra- 
tracheally. The intratracheal dye remained in cells on one side of the 
alveolar wall and the intravenous dye was seen only in cells on the other 
side. Thereupon he concluded that the alveolar phagocytes arise from 
the cells of the alveolar lining and do not enter the underlying tissues. 

Closer attention has recently been given to the time factor in studies 
of inflammatory processes in the lungs. Young found that the visible 
cycle of changes in the pulmonary alveolar epithelium of the rabbit 
covers a period of eight days after the initial stimulus has been admin- 
istered, waxing to cellular proliferation on the third or fourth day and 
thereafter regressing. Moreover, Sprunt, Martin and Williams noted 
that on the third or fourth day after intratracheal administration of 
staphylococcus toxin, when the polymorphonuclear cell reaction had 
begun to subside, the walls of the alveoli and the tissues surrounding 
the bronchi and bronchioles showed an infiltrate of lymphocytes and 
monocytes. They also pointed out that, in addition to the presence of 
these cells, the walls of the alveoli became definitely thickened with 
cuboidal cells which had vesicular nuclei and scanty, pale-staining cyto- 
plasm. These cells were believed to be epithelial, but it was not possible 

23. Sprunt, D. H. ; Martin, D. S., and Williams, J. E. : J. Exper. Med 62* 
73 and 449, 1935. 

24. Winternitz, M. C.; Smith, G. H., and McNamara, F. P.: J. Exper Med 
32:199, 205 and 211, 1920. 

25. In the following pages all cells of the mononuclear phagocytic series 
will be referred to as macrophages. 
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to determine their exact nature because of limitations imposed by the 
hematoxylin and eosin-stained material. 

The present study was undertaken to see whether vital and supravital 
staining of the lungs in such a series of animals would aid in distinguish- 
ing between these two types of cells. Furthermore, it was thought that 
a comparative study of the reactions in the lungs to a substance of 
toxic nature and to one of a nontoxic nature might be of value. Each 
of the substances used to induce cellular proliferation had led its respec- 
tive employer in the past to contradictory conclusions on the nature of 
the alveolar wall. To determine, if possible, what it was that caused this 
divergence of opinion and thereby to throw further light on the nature 
of the cells in question, the following experiments were undertaken. 

METHODS AND MATERIALS 

Twentj'-one j'oung adult rabbits, weighing between 2 and 4 Kg., were used in 
this experiment. The presence of Bacterium leptisepticum and Bacillus bronchi- 
septicus in the narcs was ruled out b}' means of cultures after silver nitrate 
instillations, as suggested b}’’ Meyer.^e 

Toxin. — Toxin was made from the hemolytic strain of Staphylococcus aureus 
employed by Rigdon and his associates and was prepared by the method 
described by Parker, Hopkins and Gunther.^s The content of one vaccine bottle 
of toxin was employed throughout all these experiments. 

Iodised Oil — The iodized oil used was popp 3 'seed oil 40 per cent (lipiodol- 
Lafay N.N.R.). 

Inoculation. — The technic described by Sprunt, Martin and Williams was 
employed for intratracheal inoculation. 

Dose. — Preliminary experiments showed that 0.05 cc. of the toxin per animal 
produced the optimal proliferative tj'pe of lesion, while large doses produced a 
hemorrhagic and necrotizing lesion and in some cases, death within two or 
three days. The toxin was always made up to 1 cc. with physiologic solution 
of sodium chloride. 

Iodized oil was administered in doses of 1 cc. per kilogram, an amount 
which was considered optimal by Fried in working with cats. 

Necropsy. — With the exception of 2 rabbits stained bj' intravascular perfusion, 
each animal was killed by a blow at the base of the skull, and necropsy was per- 
formed at once. The gross changes were not significant, so onlj' the micro- 
scopic ones are given. 

Fixation and Staining. — The lungs of 2 animals were stained with neutral red 
according to Hu’s modification of Forkner’s technic. Those of 16 other 

26. Meyer, K. F., in Jordan, E. O., and Falk, L. S. : The Newer Knowledge 
of Bacteriologj' and Immunologic Chicago, University of Chicago Press, 1928, 
p. 607. 

27. Rigdon, R. H.; Joyner, A. L., and Ricketts, E. T.: Am. J. Path. 10 : 
425, 1934. 

28. Parker, J. T. ; Hopkins, J. G., and Gunther, A. : Proc. Soc. Exper. Biol. 
& Med. 23:344, 1926. 

29. Hu, C. H.: Proc. Soc. Exper. Biol. & Med. 29:258, 1931. 

30. Forkner, C. E.; J. Exper. Med. 52:379, 1930. 
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animals were removed immediately after death and immersed in a beaker of 
Forkner’s staining solution. This was maintained at 37 C. in a water hath, 
and the lungs were gently perfused for fifteen minutes with the same solution 
introduced through the trachea. The inflow of staining solution was regulated so 
as not to overdistend the lungs and was followed hy fixation after the method 
described hy Hu.-" Dehydration and clearing were carried out as described by 
Hu-" in all cases except one. In this case the technic described by Gardner"^ was 
used. 

Ill the case of the Iniigs stained with neutral red, three sections from each 
block were prepared for study. One of these was stained with hematoxylin and 
eosin. This usually resulted in washing out all the neutral red. The second 
was stained for unclear detail by the technic described by Gardner,"' using 
Harris’ hematoxylin without acetic acid. The third was studied stained only 
with neutral red after dissolving excess mercuric chloride crystals in aqueous 
solution of iodine. All observations with low magnification were best made 
after staining with hematoxylin and eosin. The sections stained using Gardner’s 
technic allowed comparisons of nuclear structure to be made between sections 
stained witii neutral red alone and those stained with hematoxylin and eosin. The 
plain neutral red sections made possible a better discrimination between cells 
which were alive and cells which were dead at the time the animal was killed. 

The lungs of animals which received carmine and trypan blue were fixed by 
gentle intratracheal perfusion with 10 per cent neutral solution of formaldehyde 
U. S. P. Sections were stained with hra/.ilin for study under high magnification, 
and others with hematoxylin and cosin. 


KXreui M ENTAL OltSEUVATIONS 

Exi’KUimkxt 1. — This experiment was designed to allow a study of changes 
in the lungs after administration of optimal doses of toxic and nontoxic substances. 

Fourteen rabbits were used. Six received 0.05 cc. each of staphylococcus 
toxin intratrachcally. These were killed after thirty-two, forty-eight, seventy- 
two, ninety-six hours and eight days, respectively. The ninety-six hour experi- 
ment was represented by 2 animals. The other 8 animals received 1 cc. each 
of iodized oil per kilogram and were killed at the same intervals, the ninety-six 
hour experiment being represented by 4 animals. The lungs of these animals 
were stained with neutral red and sections prepared for study as described in 
the foregoing section. 

Changes Produced until 0.05 Cc. of To.riu. — After thirty-two hours the reac- 
tion to toxin was characterized by rather copious exudation of cells into the 
terminal air spaces about the larger bronchi, as shown in figure 1, J. The majority 
of these cells were active macrophages. A few degenerating macrophages and 
polymorphonuclear cells were present, but both were being phagocytosed. Small 
amounts of serum and fibrin were seen in the alveoli. Slight thickening of the 
alveolar septums was observed. This was occasioned by moderate edematous 
swelling and by increase of cells within the septums. The bronchial epithelium 
appeared to be intact. 

As in the lungs undisturbed by pathologic change, the alveolar walls for the 
most part seemed to have no distinct cellular lining. In many places the capillaries 
seemed to be exposed to the alveolar air. In others, flattened cells with darkly 
stained oval nuclei seemed to have separated from the surface of the alveoli. 


31. Gardner, L. U. : Proc. Soc. Exper. Biol. & Med. 24:646, 1927, 
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In a few places a group of fibroblasts projected into the alveolar space. 
Rarely such a group was seen to project on both sides of one septum so that 
their connecting protoplasmic bands apparently passed through the septal wall. 

After two days areas of heavy consolidation about the bronchi were seen, 
and the alveoli in these areas were filled with a serous exudate containing great 
numbers of leukocytes. When this reaction was most severe, exudation of 
leukocytes and of red cells was so great as to obscure the pattern of the lung. 
The white cells of the exudate were chiefly degenerated macrophages and poly- 
morphonuclear cells, although numerous large active macrophages were present. 
The bronchial epithelium showed considerable degenerative change and in places 
was desquamated in sheets. 

The edematous swelling, cellular infiltration and vascular engorgement of the 
walls of the alveoli, coupled with the intense serous and cellular exudate into 
the alveoli themselves, made definition of a lining membrane impossible within 
the areas of intense inflammatorj' reaction at this stage. 

After three days the microscopic appearance (fig. 2,5) was still one of rather 
heavy consolidation about tbe large bronchi. Evidences of destruction and of 
proliferation were seen in the bronchial epithelium, and in places there were masses 
of red and white cells caught in strands of fibrin within the bronchi. In patches 
within areas of consolidation, retraction of the exudate from the alveolar walls 
permitted the architectural pattern of the lungs to be seen. Once again the large, 
active macrophages had come into prominence, although they were still out- 
numbered by degenerated cells. Numerous giant cells were present. Only in 
those places where no retraction had occurred were there great numbers of red 
cells and polymorphonuclear cells within the alveoli. An explanation of the 
rapid removal of these degenerating cells, along with the remainder of the 
previous day’s alveolar exudate, could be seen in the longitudinal section of 
the termination of a bronchiole. This could be followed for a considerable distance, 
starting at its ramifications among alveoli, which showed some evidence of reso- 
lution. Near its terminal branches the predominant cells were active large macro- 
phages. As observation proceeded proximally, tbe character of the exudate 
changed and became more nearly like that seen in the alveoli on the previous 
day. The nuclei of the macrophages became pyknotic, the polymorphonuclear 
cells were largely disintegrated, and the red blood cells were represented, for 
the most part, by a homogeneous matrix of orange pigment. 

In those areas in which the exudate had separated from the septum, a change 
in the alveolar lining was evident. In these places there was a definite cellular 
border on the inner surfaces of the alveoli. The constituents of this border 
were very low cuboid cells, generally with round reticular nuclei which had one 
or two nucleoli and a rather heavy nuclear membrane. Occasionally the nuclei 
were somewhat oval, with their long diameter parallel to the surface of the 
alveolar wall. These cells were seen to be contiguous, the distance between 
adjacent nuclei being usually about one third of the diameter of the nucleus 
itself. It was not difficult to trace this cellular alveolar lining from the alveoli 
and terminal ramifications .of the air ways to the walls of the bronchioles, where 
it gradually assumed a more compact cuboidal arrangement ; then, to the columnar 
epithelium of the bronchioles and bronchi. It was very difficult to distinguish 
the cells lining the alveoli from the large macrophages of the exudate on the 
basis of cytologic characteristics alone when stained with hematoxylin and eosin. 
In regions of epithelial proliferation the septums were very greatly thickened,' 
the capillaries within them were dilated and the proliferation of fibroblasts between 
the rows of cuboid cells was still evident. 
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Fig. 3. — 9 , eight days after the intratracheal injection of 0.05 cc. of staphylo- 
coccus toxin. 10 , eight days after the intratracheal injection of 1 cc. per kilogram 
of iodized oil. 11 , ninety-six hours hours after intratracheal injection of 0.03 cc. of 
staphylococcus toxin; inset shows proliferated epithelium. 12 , ninety-six hours 
after the intratracheal injection of 0.01 cc. of staphylococcus toxin. Compare inset 
with insets 7 and 11 . Hematoxylin and cosin. The insets show magnification 
Xl80; otherwise the parts show magnification X 86.7. 
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After four days the general microscopic appearance (fig. 2,7) was still one 
of dense consolidation about the larger bronchi. Desquamation and proliferation 
of the bronchial epithelium were still evident. The exudate within the bronchi 
as compared with that of the previous day seemed to be chiefly of a serous or 
mucinous nature. The few cells seen within it were no longer a conglomeration 
of degenerated red and white cells but fairly large macrophages and giant cells 
(in fig. 4, 16 and 17) such as were seen in those alveoli of the previous day 
which had begun to show evidences of resolution. The vast majority of the 
cells of the alveolar exudate were not active macrophages. The alveolar septums 
were still greatly swollen. However, the most striking and characteristic 
feature of the picture presented by the lungs at this stage was the distinct layer 
of cuboid cells lining the alveoli in places where the process of resolution was 
in progress. Compared with those of the previous day, more alveoli displayed 
this lining, ■ and its cells were more definitely cuboid. It was evident that 
in places that exudate had undergone fibrous organization and had, in turn, 
become epithelialized. In consequence, some of the terminal air spaces showed 
both the septal wall and the exudate within covered by an epithelial pavement. 
Continuity from bronchial to alveolar epithelium was demonstrable here, although 
the sections were not cut as fortunately as were those of the previous day. 

In the neutral red sections the cells of the exudate were seen to be typically 
stained macrophages, the cytoplasm of which was loaded with brilliant orange 
and brick red vacuoles of various sizes. The smaller cells seemed to contain 
the finer vacuoles whereas in the larger some of the vacuoles attained a size 
nearly equal to half the diameter of the nucleus. Around alveoli which con- 
tained 5 to 10 such well stained macrophages the cuboid epithelial cells were 
seen to contain no dye or only a few specks of it (fig. 4,J5). This contrast 
was clear and distinct. The neutral red was given this animal by intravascular 
perfusion, so that the stain must have passed through the epithelial border to 
gain access to the phagocytes inside the alveoli. It is to be noted that where 
the staining was intense the tall columnar cells of the bronchial epithelium con- 
tained very fine dark droplets of neutral red. 

By the eighth day a large amount of resolution had occurred (fig. 3,9). The 
exudate had almost entirely disappeared from the alveoli. No longer was there 
any evidence of epithelial proliferation. The only record of the preceding dis- 
turbance was that manifest in the interstitial tissues of the septums. These were 
still considerably thickened by an abundance of what proved to be collagenous 
tissue when stains for connective tissue were applied. 

Changes Produced with Iodized Oil . — After thirty-two hours there were large 
numbers of macrophages with vacuolated C3'toplasm within alveoli and smaller 
bronchioles (fig. 1,2). These macrophages had taken up neutral red in vacuoles 
of various sizes. However, it seemed that the more large clear vacuoles a cell 
contained, i. e., the more iodized oil it must have ingested, the fewer were the 
vacuoles of neutral red. In a few places the alveolar septums were slightly 
thickened by ver}-^ mild proliferation of fibroblasts. 

The flat cells with oval nuclei thought to line the alveoli had taken up no 
neutral red. Macrophages were frequently seen projecting from the alveolar 
walls, but these did not resemble an epithelium. 

After fort}’’-eight hours there was little change in the microscopic picture 
(fig. 1,4) beyond that described in the foregoing paragraph. There was a 
slight increase in the number of vacuolated macrophages in the exudate, and 
once again there seemed to be a definite connection between the amount of iodized 
oil and the amount of neutral red phagocytosed by the cells. There was a slight 




Fig. 4 . — 13 ^ seventy-two hours after intratracheal injection of 0.05 cc. of 
staphylococcus toxin (carmine injected intravenously). Brazilian counterstain; 
X 173.3. 14 , same as 13 . 15 , ninety-six hours after intratracheal injection of 0.05 

cc. of staphylococcus toxin. Neutral red and hematoxylin; X 390. 16 , ninety-six 
hours after intratracheal injection of 0.05 cc of staphylococcus toxin. Hema- 
toxylin and eosin ; X 390. 17 , same as 16 , stained with neutral red and hema- 
toxylin ; X 390. 
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increase in the septal thickening produced by interstitial proliferation of fibro- 
blasts. There was a slight serous exudate in some of the alveoli. 

In a very few places where cells lining the alveoli appeared to be present 
in continuous flattened sheets, there was indication of epithelial proliferation. 
These cells contained no neutral red. Macrophages in small aggregations were 
seen in the loose connective tissues. 

At the end* of seventy-two hours the general microscopic appearance had been 
altered very little (fig. 2,6). There seemed to be a few more cells in the 
alveolar exudate, including a few polymorphonuclear cells. Practically none of 
the serous exudate was left within the alveoli. The changes in the septums 
were about the same as they were on the previous day. Where epithelial pro- 
liferation had occurred, it was very slight. The bronchial epithelium remained 
intact. 

The cells of the exudate, although still practically all macrophages, had 
changed somewhat in appearance. The large clear vacuoles had in general 
become smaller and were more numerous within the individual cells. The 
reciprocal relationship between the number of clear cytoplasmic vacuoles and 
those filled with neutral red was again evident. Moreover, there w'as a new order 
of smaller macrophages which contained no clear cytoplasmic vacuoles but which 
had taken up neutral red in small dark vacuoles arranged in a rosette at the 
hof of the nucleus. Macrophages in the loose connective tissues were more in 
evidence than on the previous day. 

There was little difference between the picture presented at ninety-six hours 
(fig. 2,8) and those of the previous three days. Rare instances of alveolar 
epithelial proliferation were seen in which cuboid cells were arranged in con- 
tinuous sheets along the alveolar walls. These cells contained no vacuoles of 
neutral red. Comparatively few of the macrophages in the alveoli contained large 
clear cytoplasmic vacuoles. More of them contained fairly numerous neutral 
red vacuoles of varying sizes and shapes. The polymorphonuclear cells gave 
evidence of degeneration and many of them had been ingested by macrophages. 

After eight days the reaction had subsided to a marked degree, as shown in 
figure 3, 10. A great majority of the alveoli were entirely clear, although occa- 
sional air spaces were seen to contain rather large aggregations of macrophages 
and debris. In a few of these, epithelial proliferation was evident. More 
alveoli contained 1 or 2 free macrophages than is the case in sections of normal 
lungs, but only a few of these scattered ’ macrophages showed vacuoles containing 
iodized oil, whereas the majority in the large aggregations did possess them. 
Most of the macrophages gave evidence of having undergone some degree of 
degeneration. Their cytoplasm appeared frayed and their nuclei pyknotic. ,Most 
of them contained neutral red in only a few, fairly large vacuoles. They seemed 
to be older cells which had lost a large measure of their phagocytic power. 

Experiment 2. — ^This experiment was designed to show whether the differ- 
ences in result between toxin and iodized oil were due to a qualitative difference 
in the toxin or merely to a quantitative difference in the toxicity of the two 
substances. 

Of the 4 rabbits used in this experiment 2 were given 0.03 cc. each of toxin 
and 2 received 0.01 cc. each of toxin. All the animals w'ere killed four days after 
the injections. 

Changes Produced with 0.03 Cc. and with 0.01 Cc. of To.vin . — Four days after 
the administration of 0.03 cc. of toxin the reaction (fig. 3,11) was by no means 
as intense as that seen after O.OS cc. had been used. The bronchial epithelium 
was intact, and the alveoli were not choked wdth the copious exudate seen after 
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the larger dose. Tlie most striking siniilaritj' was in the epithelial proliferation. 
Because the exudate was generally so slight, the epithelial cells stood out very 
clearly. Everywhere within the areas of reaction, on both sides of the alveolar 
septums sheets of low cuboid cells with slightly oval nuclei were seen. The 
epithelial border thus produced was seen to be continuous all the way around 
the alveoli, and where the sections had been cut opportunely, it was possible to 
trace the continuity of epithelium from the bronchi and bronchioles through 
what must have been tbe alveolar ductules and the alveolar atria and saccules 
into the alveoli of the lungs. These cells remained for the most part unstained 
by neutral red. At times very fine specks of the dye were seen near the nuclei. 
The macrophages of the exudate in contrast to those seen after administration of 
the larger dose of toxin had not taken up the stain with great avidity. Their 
cytoplasmic vacuoles, although of fair size, were comparatively few. A great 
many of these cells contained no vacuoles at all, but tbeir nuclei had taken up 
the stain. Again the septums were thickened by proliferation of fibroblasts, 
among which were seen a few macrophages. 

It would be a very difficult matter to distinguish the reaction to 0.01 cc. of 
this staphylococcus toxin (fig. 3, 12) from that incited by the administration 
of 1 cc. of iodized oil per kilogram. Practically the only distinguishing feature 
was that the macrophages in the exudate did not contain the large clear cytoplasmic 
vacuoles. The bronchial epithelium appeared to be intact. There was no con- 
solidation, and the cells in the exudate were practically all large macrophages. 
They appeared to be undergoing varying degrees of cytolysis and contained even 
less neutral red than in the preceding case. In many places they were seen to 
have been ingested by cells of their own species. The few giant cells present 
contained only 2 or 3 nuclei. Where septal thickening existed, it was occasioned 
by moderate proliferation of fibroblasts. Only in areas where the reactic” was 
strongest had there occurred slight epithelial proliferation. 

Experiment 3, — The third experiment was undertaken for only one purpose. 
This was to investigate whether or not macrophages of tbe exudate were capable 
of wandering from the connective tissue into the alveoli and back again, for it 
might be contended that they were only specialized epithelial cells. 

Three rabbits were used. Each received 1 cc. of 1 per cent trypan blue intra- 
venously for three days before receiving 0.05 cc. of toxin intratracheally. Forty 
minutes after the toxin was introduced 3 cc. of 1 per cent carmine was put into 
the trachea of one of these animals. The forty minute delay was interpolated 
to forestall adsorption of the toxin by carmine. On the day of inoculation another 
animal received 1 cc. of 1 per cent carmine intravenously and 1 cc. by the same 
route on each of two successive days before death. The third animal continued 
to receive daily intravenous injections of 1 cc. of 1 per cent trypan blue. All 3 
were killed at seventy-two hours. 

Distribution of Vital Dyes . — The reaction was similar to that found in the 
rabbits which were killed three days after receiving 0.05 cc. of the toxin. The 
changes are shown in figure 4, 13 and 14. Macrophages containing carmine or 
trypan blue or both were seen in the alveoli and also in the interstitial tissue. 

SUMMARY OF ANATOMIC CHANGES 

In brief, the reactions in the lungs which formed the basis of this 
study took place as follows: First there was moderate exudation of 
polymorphonuclear cells. This was rapidly followed by outpouring of 
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large numbers of macrophages, which ingested the polymorphonuclear 
cells. Within the first thirty-two hours there occurred moderate pro- 
liferation of fibroblasts within the septal walls, and degenerative changes 
became evident in the pulmonary epithelium. These changes were made 
manifest by a mild amount of epithelial desquamation. Where this 
occurred, fibroblasts were sometimes seen to grow from septal interstices 
into the alveoli, and when they projected from both sides of one septum 
the appearance was that of alveolar pores (Miller;^® Macklin;^- 
Loosli During the second day the epithelial damage became further 
evident. Serum and red cells seeped out into the alveoli, and there was 
further outpouring of macrophages and polymorphonuclear cells. By 
this time the proliferation of macrophages within the connective tissues 
of the lungs themselves became strikingly evident. Multinucleated giant 
cells were plentiful in the exudate. The bronchial epithelium began to 
show degenerative changes, and in many places it was desquamated in 
sheets. By the third day the reaction began to resolve. A large amount 
of exudate was apparently ejected via the larger respiratory passages. 
The macrophages attained their greatest numbers and were seen to ingest 
residual debris. Proliferation of alveolar epithelium became evident 
along the septal borders, and in places epithelialization of the exudate 
occurred. By the fourth day this epithelial proliferation reached its 
height. Sections of vitally stained tissue showed these cells to be non- 
phagocytic and distinct from the macrophages present. Moreover, their 
continuity with the cells lining the bronchioles and bronchi could be 
traced. Quite a few small round cells, judged to be degenerated macro- 
phages, were seen in the exudate. After eight days the only evidence 
of the damage sustained by the tissues was a moderate thickening of 
septal walls occasioned by proliferation of fibroblasts. Even these 
appeared to be shrunken, as judged by their nuclei' and by the amount 
of collagenous tissue present. 

After the introduction of 1 cc. of iodized oil per kilogram into the 
trachea, no such severe inflammatory reaction occurred. It was obvious 
that little, if any, damage was sustained by the pulmonary epithelium. 
If an initial polymorphonuclear cell reaction occurred, it was missed in 
this study. 'By the end of the first thirty-two hours large numbers of 
macrophages were seen within the alveoli. They seemed to have taken 
up large quantities of the iodized oil, as evidenced by their colorless 
cytoplasmic vacuoles. By the end of the third day many of the original 
macrophages seemed to have undergone degenerative changes. At this 
time many younger macrophages and a few polymorphonuclear cells 
were present in the exudate. The former were seen to ingest cells of their 


32. Macklin, C. C: J. Anat. 69:188, 1935; Arch. Path. 21:202, 1936. 

33. Loosli, C. G.: Arch. Path. 24:743, 1937. 



ROSS— CELLULAR REACTIONS IN THE LUNGS 


493 


own species, as well as degenerated polymorphonuclear cells. Small 
aggregations of macrophages within the connective tissues about blood 
vessels and bronchi of the lungs were seen. The only other interstitial 
reaction was a very slight proliferation of fibroblasts within the walls 
of a few of the septums. \’ery rarely did epithelial proliferation occur. 
By the eighth day the majority of the remaining macrophages seemed 
to be aggregated in isolated air spaces. 

That the difference between these two reactions was one of degree 
and not specific was illustrated by the titration series. This, moreover, 
corroborated the work done by Young.*’*^ With 0.03 cc. of staphylococcus 
toxin, epithelial proliferation reached as high a peak as it did with the 
stronger dose. On the other hand, in the animals which received only 
0.01 cc. each this proliferation was little more in evidence than in the 
series given iodized oil. Thus the results showed that wherever the 
stimulus was sufficiently strong and acted for a brief period of time 
the epithelial response went through a cycle lasting about eight days, 
waxing to the height of proliferation by the third or fourth day and 
thereafter regressing. 

COMMENT 

It should be emphasized again that for practical purposes alveolar 
epithelium is not visible in ordinary histologic preparations of normal 
tissue. However, when stimulated with sufficient intensity, it proliferated 
within three or four days, appearing as a lining of cuboid cells. These 
were not seen singly or in groups of 3 or 4, but formed a continuous 
layer completely surrounding the alveoli and bordering both sides of the 
septums. They were seen at that time to be continuous with the lining 
of the bronchioles and bronchi. When the alveolar epithelium could be 
seen as an entity, it was apparent that its constituent cells were not 
phagocytic (fig. 4, J5). El-Gazayerli demonstrated this well. His 
work has been corroborated in the present study. 

It has been suggested by some workers that what appears to be a 
lining of low cuboidal epithelium is merely a flattened layer of meso- 
thelial macrophages lined up on the alveolar wall in a resting state. 
Others have contended that the cells lining the alveolar wall, although 
of epithelial nature, are themselves phagoc}4ic. During the course of 
this study typically stained macrophages, loaded with vacuoles contain- 
ing neutral red or containing an abundance of carmine or trypan blue, 
were seen to protrude from the alveolar wall. These occurred singly, 
in groups of 3 or 4 or in rounded bunches. Where no proliferation of 
alveolar epithelium was evident, these cells might well have been inter- 
preted as forming the alveolar lining. Cappell,® apparently considering 
them to be alveolar epithelial cells, went further in his observations and 
concluded that these phagocytes do not move outside of the alveolar 
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epithelium. He ai-rived at this conclusion by introducing one vital stain 
into the trachea and another of a different color into the blood stream, 
killing his animals at the end of one-half hour. The intratracheal dye 
was seen in phagocytes within the alveoli. The intravenous dye was 
seen in phagocytes in the interstitial tissues. He concluded that two 
phagocytic systems were at work. The present study has shown that 
dyes introduced intravenously and intratracheally may become well 
mixed on either side of the epithelial border, given sufficient time and 
conditions favoring activity of macrophages. It should not be assumed 
that return of macrophages from alveoli to the interstitial tissues is 
taken to be the usual course of events. On the contrary, it appears that 
the phagocytes usually are expectorated along with the foreign substance 
which they have ingested. This is the course taken by motile entities 
that find their way into alveoli, as has been so long demonstrated to be 
true for those parasites that migrate from the blood stream into the 
lungs and are then expectorated or swallowed. However, when the 
usual path of least resistance is impeded, as it might be when the alveoli 
are choked with an exudate, it appears that the macrophages may wander 
back along the path from which they came. 

It is evident from the present study and from the work of others 
(Gardner and Smith H El-Gazayerli Wright;-^ Ungar and 
Wilson --) that the macrophages do not arise from the alveolar epithe- 
lium. Foot at one time held that they might arise from the capillary 
endothelium of the lungs. In subsequent work he " became convinced 
that this is not the case and reversed his former stand. Nevertheless, 
in every section used in the present study a careful examination of the 
endothelium was made. In no instance was there any indication of 
transition from endothelial cells to macrophages. ]\Iaximow described 
transformation of lymphocytes and monocytes into macrophages in tis- 
sue cultures. Forkner®® worked with fixed tissues of rabbits vitally 
stained with neutral red. He described monocytes as being present in 
all stages of development in all the lymph nodes of the body except the 
large mesenteric group. With regard for previous work of this nature, 
in the present investigation a careful study was made of lymphoid 
accumulations and lymph nodes within the sections. Usually a few mono- 
nuclear phagocytic cells were found within each. However, it is to be 
emphasized that nowhere was there seen anything to suggest transition 
from lymphocytes to macrophages. As the result of studies of cells 
supravitally stained with neutral red and janus green, Sabin, Doan and 
Cunningham concluded that two types of mononuclear phagocytic 
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cells originate in the connective tissues. These they termed monocytes 
and clasmatoc}'tes. In view of their work, in the present study close 
attention was paid to the cells in the connective tissues of the lungs. 
Especially in those sections where the reaction was of considerable 
intensity, numbers of macrophages were seen in the loose connective 
tissues about the larger bronchioles, bronchi and blood vessels, particu- 
larly the veins. However, so many of the cells were intermediate 
between the forms containing fine brick red vacuoles of neutral red 
situated in a rosette at the nuclear hof (Sabin's monocyte) and those 
larger cells the cytoplasm of which contained an abundance of neutral 
red vacuoles of various sizes, shades and tints distributed throughout 
the cytoplasm, with little or no suggestion of rosette arrangement 
(Sabin’s clasmatocyte) . that these two were considered morphologic 
variants of the same cell. This interpretation is consistent with IMaxi- 
mow's opinion concerning monocytes and falls in line with work done 
by Hethcrington and Pierce,"' who observed transformation of mono- 
cytes into macrophages (Sabin’s clasmatocytes) and epithelioid cells in 
tissue cultures of buff)' coat. Following ^IctchnikoitV® these cells have 
been referred to in this paper as macrophages. They arc considered to be 
connective tissue wandering cells, and it should not be assumed that any 
specific locale is designated as being their site of origin. 

The Langhans type of giant cells (fig. 4, 16 and IT) (Forkner®'’) 
which were so frequently seen in the lungs after the introduction of 
staphylococcus to.xin apparently did not arise in order that larger quan- 
tities of foreign substance might be handled. This opinion was supported 
by the presence of many such giant cells in the reactions to toxin, 
whereas they were very little in evidence after the introduction of 
iodized oil. It seemed obvious that the reaction occasioned by the intro- 
duction of iodized oil into the lungs was mainly concerned with removing 
a comparatively harmless foreign body, whereas in the case of toxin the 
reaction was a matter of inflammation and repair after damage done 
to the tissues by a toxic substance. 

Finally, with regard to the two types of cell discussed in this paper, a 
word might be said as to the general function of each. It seems likelv 
that the difference between complete resolution and scarring after 
inflammatory reactions in the lungs depends on the extent to which pul- 
monary epithelium is damaged or destroyed. When the strength of 
staphylococcus toxin is increased over that used here, it is customary to 
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see necrosis and subsequent scarring of the tissues. Robertson and 
Uliley studied the cellular changes which occur in lobar pneumonia. 
This disease is attended with an infection of the blood stream, as a 
result of which the capillary walls must sustain severe toxic damage, 
which becomes manifest during the stage of red hepatization. Conse- 
quently the pathologic picture is even more complex than that seen in 
the material described in this paper. However, they noted that with, 
the appearance of phagocytic macrophages the pneumococci decreased in 
numbers and that resolution of the pneumonic process followed. Thus 
the pulmonary epithelium is considered to maintain a surface and the 
macrophages to act as a defense against toxic and nontoxic foreign 
substances. 

SUMMARY 

In these experiments vital and supravital staining technics have been 
used in the stud)'^ of cellular reactions consequent to the introduction of 
both nontoxic and tox’c substances into the lungs of rabbits. It has 
been shown that two distinct types of cells were stimulated. One of 
them was a nonphagocyuc cell lining the alveoli, similar to and continuous 
with the epithelial cells of the bronchioles. The other type of cell was 
the macrophage. 

The first type arose from the epithelial cells which line the alveoli. 
It was stimulated slightly by nontoxic substances but was increased to an 
appreciable extent only when toxic material was injected. 

The other type of cell, the macrophage, Avas stimulated both by the 
nontoxic and the toxic substances. It has been shorvn to arise from the 
connective tissue macrophage and to migrate freely across the alveolar 
epithelial borders. 


40. Robertson, O. H., and Ulile}^ C. G. ; J. Clin. Investigation 15:115, 1936. 
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A NUTRITIONAL MYOUEGENLRATION 

HERMAN CHOR, M.D. 

AND 

RALPH E. DOLKART, M.D. 
cmcAdo 

In previous studies we reported on the roles played by activity ^ and 
by the peripheral nerves - in the maintenance of the trophic state of 
skeletal muscle. It was shown that the mild changes which occur in 
atrophy of skeletal muscle due to simple disuse are distinctly different 
from the degenerative ones observed in atrophy following ]3criphcral 
nerve section. The objective of the present study was to investigate 
the nutritional factors concerned in maintaining the normal structure 
and activity of skeletal muscle. 

It is well known that inanition or long-continued fasting gives rise 
to structural changes in skeletal muscles. I'hc.se changes have been 
considered “primary” and often occur before any obvious lesions can 
be observed in other organs. The histologic changes in the hibernating 
frog have been described by Kremer and those in the cel by d’Ancona.' 
The latter described fading of the cross striations and of the Q disks and 
disappearance of sarcosomes. Pic held that these elements are chiefly 
substances used to yield energy during starvation. The M and Z lines 
and the sarcolcmma were found to be resistant. Myers and Fine 
found that the pathologic changes occurring in rabbits starved for a long 
period of time arc associated with changes in creatine content, an 
increased amount of creatine appeaidng in the urine. 

Pathologic changes in skeletal muscle occur with certain vitamin 
deficiencies. Plyaline necrosis of muscle fibers has been observed in 
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experimental scurvy in guinea pigs (Hojer ® ; Meyer and McCormick " ; 
Dalldorf ®). Numerous workers have reported muscle lesions appear- 
ing in laboratory animals following administration of vitamin-deficient 
diets, Goettsch and Pappenheimer ® reported on muscle lesions in 
guinea pigs and rabbits on a special prepared diet, complete except for 
vitamin E, described as progressive dystrophy of the voluntary muscles. 
Addition of vitamin E to the special diet, however, did not prevent 
development of the lesions. Hence the lack of this vitamin could not 
have been the sole factor responsible for the muscle changes. They 
ruled out such factors as starvation, infection and scurvy. Therefore, 
some unknown factor in their special diet was considered responsible 
for the muscular lesions. Morgulis and Spencer ’■'* repeated this work, 
using the Goettsch-Pappenheimer diet 13, and obtained similar results. 
They stated, however, that they were able to prevent as well as cure 
the “dystrophy” by feeding the following supplements along with the 
dystrophy-producing diet 13; fresh green alfalfa, lettuce and vitamin E 
(wheat germ oil), or dry alfalfa and vitamin E (wheat germ oil), or 
whole wheat germ. The}'- found that the muscles showed progressive 
regeneration with ultimate restoration of the normal histologic structure. 

Madsen, McCay and Maynard reported similar muscular changes 
in guinea pigs, rabbits, goats and sheep following administration of 
cod liver oil with normal and synthetic diets. On the basis of their 
investigations they concluded that the muscle lesions result from some 
toxic factor in the cod liver oil. Substitution of a vitamin A-D con- 
centrate delayed the onset or lessened the severity of the degenerative 
changes but did not eliminate them. Reed commented on the his- 
tologic changes in skeletal muscle as well as in other tissues of the body 
in dogs following administration of a high concentration of vitamin D. 
He concluded that the degenerative changes observed in the tissues were 
due directly to the toxicity of vitamin D in large doses. 

METHODS AND MATERIAL 

Fifty guinea pigs weaned at the age of 21 days were used in the present study. 
After being weaned, they were kept for ten days on a carefulh’- controlled adequate 
normal diet. In order that the effects of the various dietary factors might be 
studied, the animals were divided into six groups. The feeding experiments were 
run simultaneously, and all animals were kept in the same room and exposed to 
the same changes of temperature. 

6. Hojer, A.: Brit. J. Exper. Path. 7:356, 1926. 

7. Meyer, A. W., and McCormick, L. M, : Studies on Scurv}^ Stanford Uni- 
versity Publications, University Series, Medical Sciences, Stanford University, 
Calif., Stanford University Press, 1928, vol. 2, no. 2. 

8. Dalldorf, G.: J. Exper. Med. 50:293, 1929. 

9. Goettsch, M., and Pappenheimer, A. M. : J. Exper. Med. 54:145, 1931. 

10. Morgulis, S., and Spencer, H. C.: JT. Nutrition 11:573, 1936. 

11. Madsen, L. L.; McCay, C. M., and Maynard, L. A.: Memoir 178, Cornel! 
Universitv, Agricultural Experiment Station, 1935. 

• 12. Peed, C. Q.: J. A. M. A. 102:1745, 1934. 
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Group 1. Animals 1-5 received 25 Gm. daily of the following normal diet : 


Constituent 

Alfalfa meal 

Casein 

Calcium carbonate 

Sodium chloride 

Butterfat (added daily! . , 
Orange juice — 3 cc, daily 
Fresh raw carrots daily 


Parts 

15 

5 

1 

1 

0 


Group 2. Animals 6-14 received 25 Gm. daily of the synthetic diet described 
by Madsen. l^IcCay and ^Maynard.^^ 


Constituent 


Parts 


Regenerated cellulose 

Corn starch 

Casein 

Sucrose 

Yeast 

Lard 

Salt mixture 

Orange juice — 3 cc. daily 
Carotene — 1 drop daily 

Brewers’ j’east — 0.2 Gm. added daily for each animal 


20 

40 

15 

10 

5 

4 

4 


Group 3. Animals 15-23 received the normal diet as given group 1 and, in 
addition, 0.55 cc. of cod liver oil daily. 

Group 4. Animals 24-32 received the synthetic diet as given group 2 and, in 
addition, 0.5 cc. of cod liver oil daily. 

Group 5. Animals 33-41 received the synthetic diet as given group 2 and, in 
addition, were given daily an amount of viostcrol containing 500 U. S. P. 

units of vitamin D. 

Group 6. Animals 42-50 received 25 Gm. daily of the diet described by Goettsch 
and Pappenheimer ; ® 


Constituent Parts 

Rolled oats (Quaker) 355 

Wheat bran (Pillsbury) ISO 

Skim milk powder (Merrell and Soule) 75 

Lard 80 

Calcium carbonate 15 

Sodium chloride 10 

Cod liver oil — 0.5 cc. daily 
Orange juice — 3 cc. daily 


13. This product was purchased from the Sjdvania Industrial Corporation, New 
York. It is a purified form of cellulose, washed free from glycerin. Before being 
used, the preparation was finely ground in a Wiley mill. 

14. The salt mixture — used by ^Madsen, McCay and Maynard — ^\vas composed of : 



Parts 


Parts 

K,CO, 

.... 219.0 

HCl 

. . . . 28.5 

Na=COs 

.... 61.0 

CaSOi 

0.2 

CaCO.. 

.... 192.0 

KI 

0.03 

MgCO= 

.... 96.6 

MgSO* 

9.12 

Ferric citrate 

.... 20.0 

NaF 

0.372 

FeSO* 

.... 30.0 

K:=AU(SOO^ 

0.037 

HsPOi 

.... 41.8 

Citric acid 

... 546.1 


15. The carotene used in this investigation was supplied by the S. M. A. Cor- 
poration, Cleveland. 

ISa. The viosterol used in this investigation was supplied by the Abbott Labora- 
tories, North Chicago, 111. 
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Explanation of Figure 1 

Group 1. All animals in this group showed a consistent regular gain in weight. 
All survived the experimental period of eighty days. On gross and microscopic 
examination of the autopsy specimens, no abnormalities were noted. 

Group 2. Only 2 of the 9 animals survived the eighty day period. The 
majority of the animals ultimately succumbed to infections of the respiratory tract. 
Autopsy revealed marked distention of the gastrointestinal tract, with petechial 
hemorrhages covering the serosal surface of the large intestines in many instances. 
The skeletal muscles showed no gross abnormalities. 

Group 3. The animals in this group showed a less regular curve of growth 
than the animals in group 1, which did not receive the cod liver oil supplement. 
Two animals did not survive the experimental period. The skeletal muscles were 
extremely pale on gross examination. The original observations of Freeman and 
Farmer (Am. J. Physiol. 113:1, 1935) concerning the presence of distended gall- 
bladders in animals receiving large doses of cod liver oil were confirmed. 

Group 4. The animals in this group did not respond favorably to the synthetic 
diet plus cod liver oil. None lived more than thirty days, and the majority died 
between ten and twenty-five days, after the beginning of the experiment. Three 
of the animals had profuse diarrhea for three to four days preceding death. One 
animal had bloody feces. Consolidation of the lungs resembling bronchopneumonia 
in man was observed in practically all of the animals in this group. As in group 3 
the gallbladders were distended. Two of the animals showed extreme weakness 
of the hindlimbs several hours before death. 

Group 5. One animal survived the eighty day experimental period. Tlie 
majority showed a response similar to group 2 with the exception that the average 
life span was slightly longer. In the animals dying before the expiration of the 
experimental period pneumonic changes were the predominant pathologic features. 
As in group 4, several animals showed signs of irritation of the gastrointestinal 
tract. One showed weakness of the extremities so severe as to render its hind 
extremities powerless. 

Group 6. The animals in this group manifested pathologic changes similar in 
character to those observed in groups 4 and 5. There was, however, little evi- 
dence of gastrointestinal irritation. Three animals showed extreme muscle weak- 
ness prior to death. Grossly the muscles appeared somewhat paler than normal. 
This was especiall}" true in those animals dying of infections of the respiratory 
tract. 
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In addition to the foregoing animals, a special group of 9 guinea pigs 21 days 
old was used to ascertain the effect of starvation on muscle. These animals were 
given submaintenance amounts of an adequate diet. The amounts fed were pro- 
pressively reduced so that the animals succumbed within fourteen to twenty-one 
days. 

For the histologic studies of the skeletal muscle, the sections were stained by 
a modified Ranson pyridine-silver, the hematoxylin-eosin, the Van Gieson and 
the Bodian method, 

RESULTS 

The growth curves for the respective groups of experimental animals 
clearly demonstrate the response to the feedings of the various diets, 

EXAMINATION OF SKELETAL MUSCLES 

The gastrocnemius-soleus muscles were removed for examination 
when the animals were dying or immediately after death. The control 
animals all survived the experimental period of eighty days and were 
killed for examination. 

Group 1 — Normal Diet — Guinea Pigs 1-5. — ^All specimens were 
healthy and normal in appearance. Microscopically, there was no trace 
of any alteration in the muscle fibers, intramuscular nerves or blood 
vessels. 

Group 2 — Synthetic Diet (Madsen, McCay and' Maynard) — Guinea 
Pigs 6-14. — Grossly, most of the muscles appeared normal. Micro- 
scopically, in some specimens there were irregularly scattered areas of 
damaged fibers. Many appeared swollen and granular. In these 
fibers the transverse striations were no longer visible. Instead a 
homogeneous dark-staining material caused the sarcolemma sheaths 
to bulge. Only small portions of individual fibers showed this necrosis, 
the remainder of the fiber being well striated and normal in appearance. 
In other portions, however, several adjacent fibers were necrotic 
throughout. A striking feature was the marked nuclear reaction. Many 
fibers were filled with several types of nuclei. Some were narrow and 
darkly staining, undoubtedly sarcolemmal ; others were vesicular and 
resembled muscle nuclei; in addition, a great many irregular forms, 
phagocytic cells, could be distinguished. The process of myophago- 
cytosis was present particularly in the severely necrotic areas, in some 
instances the degenerated fiber being completely replaced by a mass of 
these nuclei. There was also a proliferation of connective tissue cells 
in the areas of degeneration. 

In some specimens there was a marked nuclear reaction without 
degeneration of the fibers. This earlyr nuclear response is characteristic 


15b. This stain was described by Chor.^® 
ISc, Bodian, D. : Anat. Rec. 65:89, 1936. 
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of the reaction of striated muscle under pathologic conditions. These 
nuclei were largely sarcolemmal and muscle nuclei. The phagoc}-tic 
reaction occurred later. 

Group 3 — Nonnal Diet and 0.5 Cc. Cod Liver Oil Daily — Guinea 
Pigs 15-23. — ^The muscles of this group were shrunken and pale with 
whitish streaks in some of the specimens. They were all extremely 
flabby. iSIicroscopicalty, throughout the muscles were large and small 
areas of severel)'^ degenerated fibers in various stages of coagulation 
necrosis. Usually the damaged fibers were considerably swollen, but 
in other areas they appeared extremely narrow and atrophic. Increase 
in nuclei and myophagocytosis were evident. 

Group 4 — Madsen, McCay and Maynard Synthetic Diet and 0.5 Cc. 
Cod Liver Oil Daily — Guinea Pigs 24-32. — j\Iany specimens were pale, 
shrunken and flabby. IMicroscopically, there were many swollen and 
degenerated fibers showing vacuoles and m 3 -ophagoc 3 'tosis. Multiplica- 
tion of muscle and sarcolemmal nuclei was present. Little capillary 
reaction and onl)' moderate infiltration with fibrous tissue were noted. 

Group 5 — Madsen, McCay and Maynard Synthetic Diet and 
Viostcrol (500 Units) — Guinea Pigs 33-41. — Grossly, the muscles were 
shrunken, flabby and streaky in appearance. !Microscopically, there 
were many areas of severely damaged fibers. Some were greatly 
swollen and contained a homogeneous granular substance without trace 
of cross striations. There was marked nuclear reaction and invasion by 
phagocytic cells. In other areas only portions of muscle fibers showed 
these degenerative changes, the remainder being healthy and normal in 
appearance. Many well preserved fibers were intermingled among the 
damaged ones. There was no prominent capillaiy reaction, although 
a few vessels showed endothelial hypertroph}*. An increase in fibrous 
tissue was evident in some portions of the specimens. There was little 
reaction of the fat constituents. 

Group 6 — Goettsch and Pappenheimer Diet. — Grossly, the muscles 
were pale and flabby, with occasional streaks of white shining through. 
Microscopicall)', scattered irregularly throughout the specimen were 
dark-staining, swollen, degenerated fibers. Striations were no longer 
present in these fibers. The whole fiber was converted into a homo- 
geneous granular material, resembling h 3 'alin. In some of these 
areas there was an abundance of nuclei of different t 3 'pes. Some were 
clear and vesicular with little chromatin content; others resembled 
plasma cells and leukoc 3 '^tes. Muscle nuclei and sarcolemmal nuclei 
were definitely increased. This nuclear reaction was also present in 
fibers which were well preserved. This seems to indicate that this 
nuclear multiplication is a precursor of degeneration. 

Grcnip 7 — Sfai-z>afion Diet. — ^The muscles grossly were pale and 
flabby. INIicroscopically, many fibers showed fading of the cross 




uniform ^ 

sarcolemmal ’nuclei. ^ ^ ^ distribution of muscle and 

dieo’- (guinea pig 9— Madsen-McCay-Maynard 

Some’ are comnlem?”^ show waxy, hyaline degeneration. 

fibers are f ‘^pes. Other 

noers are extremely narrow and atrophic 

X 44-Pappenheimer-Goettsch diet) ; 

deo-enerated fifw>rc ^ coagulation necrosis, with invasion of 

of "the fiberc p ^ pbagocytic cells. It may be seen that portions 

1 rectuT ^ ^ ^^^^"’Wes closely the degeneration of 

p 323 ) pneumonia. (See Forbus,=* 

oilf' niyodegeneration (guinea pig Id-normal diet and cod liver 

in the niidir ^e'cre coagulation necrosis and degeneration of muscle fibers, 
in tne midst of .winch may been seen well striated fibers. 




Fig 3, — 11, miliitioinil niyoclcgcnci atioii (guinea pig 17 — noimal diet and cod 
liver oil). Well picseived iiUiainusculai nerves and lenninnls in the midst of 
seveieljf degcneiated muscle fihcis. This is in marked contiast to “ncuiogenic” 
atiophy in which nenc endings and mtiamusculai neives show degeneration early 
befoic the musele fihcis hieak down. 

F, nutiitional myodegeneration (guinea pig 38— lt[adsen-]\IcCay-!Maynaid diet 
and viosterol). Muscle spindle undergoing degenerative changes similar to those 
taking place in the extiafusal fibcis. Note, however, the well piescrvcd intia- 
muscular ncives in the vicinity. 

G, noimal guinea pig muscle (guinea pig S), showing noimal motoi neive 
ending on well striated healthy fiber. 

II, nutiitional mjodcgcnciation (guinea pig 17— noimal diet and cod liver 
oil). Note incgular swellings on the tciminal ncivc fihcis, which aic still well 
picscivcd, suppljmg muscle fibci which is scveicly degeiuiatod 
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striations. These fibers were narrow and pale but showed no definite 
necrosis or degeneration. There was no appreciable increase in nuclei. 
The blood vessels and the intramuscular nerves and their endings 
appeared normal. Fat cells were not found in any of the specimens. 

THE MOTOR NERVE ENDINGS 

The status of the motor nerve endings in various muscle disorders 
has received but little attention. This no doubt is due to difficulties in 
staining. In a previous publication a satisfactory method was 
described, in which a silver-pyridine stain is used. In the present 
study the Bodian staining method also has given excellent results. 
Changes in the motor nerve endings have been studied after nerve 
section and in experimental poliomyelitis. After nerve section degen- 
erative changes are evident within twenty-four hours. These are 
ushered in by irregular swelling and staining of the fine terminal 
twigs of the neurofibrillar end brush. By the second day fragmenta- 
tion of the neurofibrils appears, and the axon and myelin sheath outside 
the muscle fiber show irregularities in contour and in staining qualities. 
After the third day the ending is replaced by a granular strand which 
goes on to complete absorption, and the more proximal portions of the 
motor nerves show advanced fragmentation of axons and segmenta- 
tion of myelin. Subsequently only remnants of nerve endings can be 
made out. These changes characterize “secondary” degeneration. 

Kura and Kamesawa^^ studied the motor nerve endings in mice 
innoculated with tetanus. They found swelling of the axis-cylinders, 
irregularity of the margins of these and an increase in tortuosity of the 
end ramifications. They emphasized the fact that the changes in the 
nerve endings which they described were primary changes and were 
noticeably different from the changes observed in secondary degenera- 
tion. Woolard^® studied the motor nerve endings in experimental 
beriberi. He found that the endings were swollen and bulbous and 
had lost their finer differentiation. He noted that the changes were most 
marked in the nerve endings and in the myelin and then in the axis- 
cylinder. These findings suggested that the disease exerts its effect at 
the peripheral endings. 

The finding of well preserved intramuscular nerves and nerve end- 
ings in the midst of severely degenerated muscle is good evidence that 
the muscle changes are not secondary to damage to the lower motor 
neurons. In ati'ophy follorving nerve section and in poliomyelitis when 
the muscle degeneration is even moderate the nerve endings and intra- 
muscular nerves are no longer to be seen. 

16. Chor, H. : Arch. Neurol. & Psychiat. 29:344, 1933. 

17. Kura, N., and Kamesawa, S. : Tr. Jap. Path. Soc. 18:330, 1928. 

18. Woolard, H. H.: J. Anat. 61:283, 1927. 
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Rogers, rapi)cnhoinicr and GocUsch studied the motor nerve 
endings in experimental “muscular d)fstrophy'’ in the guinea pig 
and found no alteration in the peripheral nerves or in the motor 
terminals. They studied also the larger peripheral nerve trunks and 
the central nervous systevu, u-hicU were found to he noiaual. They 
concluded, therefore, that the muscle changes were primary. 

In the present study the intramuscular nerves were found to be 
well preserved in the midst of severely degenerated muscle. In some 
specimens, however, the terminal twigs of the tclodcndrion showed 
irregular swellings. Fragmentation or disintegration, however, was 
not found. The slight clumgcs were a]')]>arcntly focal and were cither 
the result of direct action of some toxic agent within the degenerating 
muscle fibers or a primary effect caused hy some factor in the diet. ''Phis 
type of muscle lesion may be considered, therefore, to he cxtrancural in 
origin. 

COM MP.NT 

The nature of the histologic changes in .skeletal mnsclc which occur 
in laboratory animals due to dietary factors differs greatly from those 
occurring as the result of lesions of the motor nervous .system. The 
earliest reaction .shows some similarity in that a multiplication of nuclei 
is the prominent feature in both. Later, however, the changes arc quite 
distinct. The atrophic and degenerative changes in the muscle fibers cut 
otT from their motor nerve consist in shrinkage of the fibers and a 
granular breakdown of the sarcostylic elements, with replacement by 
fibrous tissue and fat. The intramuscular blood vessels also react by 
fibrosis of the vessel walls and endothelial hypertrophy. The intra- 
muscular nerves and their endings completely disappear early in the 
process. The pathologic changes which result from deficiency in diet 
and from excess of cod liver oil arc those of coagulative necrosis. 
Many fibers arc voluminous and waxy in appearance. Some arc narrow 
and shrunken. Fibrosis is not so prominent, and fat colls arc rarely 
observed. No specific changes in the blood vessels can he detected. 

It is interesting to note that in the groups of animals in which muscle 
lesions were observed the pathologic pictures were similar despite the 
different nutritional factors which produced them. The lesions obtained 
with the diet of rappenheimer and Gocttsch and with that of Madsen, 
McCay and Maynard were duplicated hy the administration of cod liver 
oil to animals receiving a normal diet and by the addition of viostcrol 
or cod liver oil to the synthetic diet of Madsen, McCay and Maynard. 
Rogers, Pappenheimer and Gocttsch emphasized the fact that clcs]>ilc 
extensive degeneration of the muscle tissue the intramuscular nerves 
and their endings persist. Our observations arc in agreement, although 

19. Ropers, W. N. ; Pappenheimer, A. M.. and Gocttsch, M. ; T. Evper. Med 
54:167, 1931. 
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we did find slight changes at the very termination of the motor endings, 
which we think were due to a focal reaction. 

The similarity between the pathologic changes observed in the present 
study and those described by Zenker in typhoid fever and by Forbus 
in pneumonia is quite striking. The degenerative changes in pneumonia 
have been attributed to a toxic factor elaborated by the specific organism. 

In our opinion the use of the term “dystrophy” to designate the 
muscle lesion resulting from nutritional deficiency may be confusing 
inasmuch as muscular dystrophy in man is a specific syndrome with 
characteristic clinical features. The word “dystrophy” is derived from 
the Greek Suo- — “badly” and ype^w — ^“nourish.” Etymologically, there- 
fore, its usage in reference to conditions of malnutrition is correct. In 
human muscular dystrophy the muscle fibers show chronic degeneration 
with considerable replacement by fibrous tissue and fat. The status of 
the intramuscular nerves and their endings is still poorly understood. 
The disease occurs usually in childhood and is slowly progressive. There 
is a selective involvement of definite muscle groups rather than a gen- 
eralized involvement of the musculature. The familial incidence and 
transmission through several generations suggest an underlying distur- 
bance of the germ plasm. This is supported by the frequent association 
with other evidence of constitutional defect and inferiority, such as 
mental deficiency, epilepsy, optic atrophy, scleroderma and Friedreich’s 
ataxia. 

Because of certain similarities in the histologic and chemical aspects 
of these muscle lesions, there has been a tendency to apply the informa- 
tion obtained from experimental studies to the interpretation and treat- 
ment of human muscular dystrophies. We therefore suggest the use of 
the term “nutritional myodegeneration” rather than “dystrophy” for the 
muscle lesions produced by dietaiy alterations. 

SUMMARY 

Degenerative changes in skeletal muscle of guinea pigs have been 
produced by synthetic diets previously described by Pappenheimer and 
Goettsch and by Madsen, McCay and Maynard. These lesions were 
duplicated by the administration of cod liver oil to animals receiving a 
normal diet and by feeding animals the synthetic diet of Madsen, McCay 
and Maynard plus viosterol or cod liver oil. 

The pathologic changes are those of coagulative necrosis. They 
closely resemble those described by Zenker in typhoid fever and by 
Forbus in pneumonia. 

20. Zenker, F. A.: Ueber die Veriinderungen der willkuhrlicben Muskeln im 
Typhus abdominalis, Erlangen, A. E. Junge, 1863. 

21. Forbus. W. D.: Arch. Path. 2:318. 1926. 
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Despite marked degeneration of the muscle fibers, the intramuscular 
nerves and their terminals are ^Yell preserved. These obsen’ations are 
in agreement with those reported by Rogers, Pappenheimer and Goettsch. 
This type of muscle lesion may be considered, therefore, to be extra- 
neural in origin. 

The histologic alterations characteristic of this experimental myopa- 
thy are diflerent from those observed in muscular dystrophy in man. 
We suggest the use of the term “nutritional myodegeneration’’ rather 
than “dystrophy” for the muscle lesions produced by dietary alterations. 



EFFECTS OF ORGANISMAL DIFFERENTIALS ON 
THE DISTRIBUTION OF LEUKOCYTES 
IN THE CIRCULATING BLOOD 

HERMAN T. BLUMENTHAL, Ph.D. 

ST. LOUIS 

NATURE OF THE PROBLEM 

Two types of individuality may be distinguished according to Loeb; ^ 
(1) the mosaic type and (2) the t)'pe based on the presence of organ- 
ismal differentials. 

Each individual, with the possible exception of a unioval twin, 
differs from all others in a great variety of characteristics localized in 
the various tissues and organs of the body. These differences are 
structural as well as chemical and functional. Each individual is a mosaic 
of tissues and organs characterized by individual differences. 

In addition, each individual organism, particularly if it belongs to 
the higher classes of animals, possesses a chemical characteristic which 
is common to all that individual’s tissues and organs and differentiates it 
from all other individuals of the same species, each one of which also 
is distinguished by such a chemical denominator of the various tissue 
and organ constituents. These chemical characteristics distinguishing 
each individual of the same species have been designated by Loeb as 
individuality differentials. Correspondingly, species, orders and classes 
may be distinguished by their species, order and class differentials. All 
these various kinds of differentials, including the individuality differen- 
tials, comprise the organisraal differentials. In an extensive series of 
transplantations carried out by Loeb and his associates" it could be 

From the Laboratory of Research Pathology, Oscar Johnson Institute, Wash- 
ington University School of Medicine. 

These investigations were carried out with the aid of grants to Dr. Leo Loeb 
from the International Cancer Research Foundation and from the Josiah Macy 
Jr. Foundation. 

These experiments formed the basis of a dissertation presented to the Board 
of Graduate Studies of Washington University in partial fulfilment of the require- 
ments for the degree of Doctor of Philosophy. 

1. Loeb, L.: Science 86:1, 1937. 

2. (a) Hesselberg, C, and Loeb, L.: J. M. Research 38:33, 1918. (b) Loeb 
L.: ibid. 6:28, 1902; (c) 8:44, 1902; (<f) 39:189, 1918; (U 32:353, 1918; (/) 
41:305, 1920; (g) Biol. Bull. 40:143, 1921; (/«) Am. J. Path. 2:99, (0 Ub 
(hO 301 and (n) 315, 1926; (o) 3:45, 1927; dp) Arch. Path. 10:224, 1930; (4) 
Physiol. Rev. 10:4, 1930; (r) Biol. Bull. 68:440, 1935. (s) Loeb, L., and Add’son, 
W, H. F.: Arch. f. Entwcklngsmechn. d. Organ. 27:73, 1909; (f) 32:44, 191 . 
(«.) Loeb, L., and Harter, J, S.: Am. J. Path. 2:521, 1926. Loeb.i 
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shown that each one of the various t)'pes of transplantations — autogenous 
(transplantation of a piece of tissue into the same organism), syngen- 
esious (transplantation into a nearly related animal), homogenous 
(transplantation into a nonrelated or distantly related animal of the same 
species) and heterogenous (transplantation into a different species) — is 
characterized by modes of reaction against the transplant on the part 
of the white blood cells, in particular the lymphocytes and polymorpho- 
nuclear leukocytes, and the connective tissue cells and blood vessels in 
accordance with the relationship of host and transplant. It is as if these 
various tissue elements belonging to tbe host recognized the genetic 
relationship between host and transplant and acted accordingly. It is 
especially the lymphocytes whose mode of reaction serves as the finest 
indication of individual differences as represented by the individuality 
differentials of host and transplant. 

I shall now discuss briefly the nature of the interactions between 
host and transplant in accordance with their relationship, because a 
knowledge of these data is necessary for the understanding of the 
investigations on which I shall report subsequently. It may be assumed 
that a diffusion of certain substances from the graft into the host takes 
place, as a result of which certain kinds of cells of the host display a 
specific reaction against the transplant. 

After autotransplantation lymphocytes are practically lacking around 
the graft, and connective tissue cells are attracted only to a moderate 
degree. The blood supply, on the other hand, is good because of the 
active ingrowth of capillaries into the transplant. 

After homotransplantation there occurs around the transplant a 
reaction in which lymphocytes, connective tissue cells and blood vessels 
of the host are concerned. Lymphoc}i;es are attracted by the tissue 
possessing a homodifferential; they collect around it, infiltrate it and 
injure it. The injury under certain conditions may progress to total 
destruction. Connective tissue cells also collect in increased numbers 
around the graft and invade it. Moreover, they tend to form dense 
hyaline tissue in contrast to their behavior in the autotransplant, where 
in contact with the transplanted cells they give rise to a cellular-fibrillar 
structure. The growth of capillaries into the homogenous transplant, 
and hence the blood supply of the latter, is much diminished in com- 
parison with that which is characteristic of the autotransplant. 

The reaction against the syngenesiotransplant stands midway between 
those observed after autotransplantation and homotransplantation. In 
comparison with the changes observed after homotransplantation the con- 
nective tissue reaction is, on the average, less marked ; the lymphocytic 
reaction likewise is, on the average, diminished, but it varies in different 
cases in accordance with the genetic relationship between host and 
transplant. It may approach the autoreaction on the one hand, if the 
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genetic constitutions are very similar, and the homoreaction at the other 
extreme. All kinds of intermediate reactions have been observed in the 
experiments of Loeb.-® In some cases, however, the diminution in the 
injurious action of fibroblasts, which is characteristic of syngenesious 
transplantation, may give the lymphocytes a chance to collect ultimately 
in larger numbers around the graft than in cases of homotransplanta- 
tion, in which the marked new formation of fibrous tissue may injure 
the transplant at so early a stage that the chance of the lymphocytes 
to accumulate around it is diminished pari passu with the increase in 
the amount or in the toxicity of the homogenous substance which is 
able to diffuse into the host. 

If the degree of relationship between host and donor is very far 
removed, as in the case of heterotransplantation, the reactions are more 
severe. Here the body fluids of the host are so different from those 
to which the transplanted tissue is adapted that they become markedly 
toxic for the latter; they become converted into heterotoxins and 
if the transplant is not very resistant to injuries, cause its death in a 
relatively short time. The connective tissue reaction of the host is very 
strong; besides, in an early period after transplantation polymorphonu- 
clear leukocytes are attracted rather than lymphocytes, the latter arriv- 
ing at a later period when the acutely acting heterotoxins have been 
largely absorbed. 

The l3'mphocjdes are the host ceils which are most sensitive to dif- 
ferences between the individuality differentials of living tissues within 
the same organism. They are therefore very active in cases of syn- 
genesiotransplantation and in cases in which the homodifferentials do 
not exceed a certain degree of difference. If the differences between 
the genetic constitutions of homogenous graft and host are very great, 
the connective tissue reaction tends to preponderate, and it may cause 
marked injury of the transplanted tissue at an early period. As stated, 
as a result of this injurious reaction, the lymphocytes do not find a 
chance to accumulate to the same extent as in the case of syngenesio- 
transplantation or of transplantation in which the differences between 
the homodifferentials of host and graft are less pronounced. 

The bod)'^ fluids of the host may also take part in reactions against 
homogenous tissues ; but they are much less prominent in these reac- 
tions than in the reactions to heterotransplantation. It is especially the 
more sensitive tissues which are directly injured by the constituents 
of the strange homogenous bod)'- fluids. 

It is clear, then, that the host cells can recognize a strange organ- 
ismal differential and that, further, they can distinguish between dif- 
ferent degrees of relationship between host and transplant. There is, 
however, a limit to this power of discrimination in that after a certain 
threshold of strangeness has been reached the reaction is maximal and 
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cannot be much increased by grafts of tissue from more distant donors 
This applies to heterotransplantation. 

At about the same time that experiments concerning the local reac- 
tion of the host against normal li'ansplanled tissues were carried out 
by Loeb and his collaborators, somewhat comparable observations were 
made independently with transplanted tumors in rats and mice. Da 
Fano ^ noticed in mice that after transplantation of a piece of carcinoma 
of the mammary gland lymphocytes and monocytes accumulated around 
the graft and at places distant from the tumor. He attributed to these 
cells the function of initiating immunity against the carcinomatous 
tissue. Furthermore, Tyzzcr'^ and Burgess'^ observed around grafts of 
strange tumor tissue a collection of various leukocytes and increased 
activity of fibroblasts. They attributed these reactions to an inflam- 
matory injury of the host tissue surrounding the tumor by anaphylo- 
toxin-like substances which developed in the host as the result of the 
tumor transplantation. Still another investigator, Baeslack,® noticed 
that if a transplanted tumor grows continuously the polymorphonuclear 
leukocytes in the circulation of the host increase in number, whereas 
if the tumor retrogresses the lymphocytes increase in number. It was 
especially jNIurphy ' who, several years later, likewise stressed the 
behavior of the lymphocytes in the reactions against transplanted 
tumors. Also, according to this investigator, a general increase in the 
number of these cells is due to the development of immunity against 
the tumor graft. If the host resists the growth of the tumor and becomes 
immune, the lymphocytes in the lymph glands multiply more actively, 
and the lymphocytes in the general circulation increase in number ; this 
does not occur if the host does not become resistant against the tumor and 
the latter grows successfully. He believed that if by treatment, such 
as the application of small doses of roentgen rays to the mouse, exposure 
of the animal to certain degrees of dry heat or the injection of certain 
oils into the mouse, an increase in the number of lymphocytes circulating 
in the vascular system is produced prior to transplantation of the 
tumor, immunity against the implanted tumor is increased. Under 
these conditions the animal is able to react even against autotrans- 
planted pieces of tumor, i. e., against tissues which were derived from 
the host. By such means it is also possible to enhance resistance 

3. Da Fano, C. : Ztschr. f. Immunitatsforsch. u. c.xper. Thcrap. 5:1, 1910. 

4. Tyzzer, E. E. : J. Cancer Research 8:109, 1916. 

5. Burgess, A. W. : J. M. Research 16:575, 1909. 

6. Baeslack, F. W. : Ztschr. f. Immunitatsforsch. u. exper. Thcrap. 20:421 
1914. 

7. Murphy, J. B.; The Lymphocyte in Resistance to Tissue Grafting, Malig- 
nant Disease, and Tuberculous Infection: An Experimental Study, Monograph 
21, Rockefeller Institute for Medical Research, 1926. 
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against infection with tubercle bacilli in animals otherwise susceptible 
to infection with these organisms. The lymphocyte is then, according 
to Murphy, the main agent in the establishment of immunity against 
strange tumors, as well as against tumors derived from the animal’s 
own cells, and also against certain pathogenic micro-organisms. 

The majority of investigators assumed that the reactions against 
tumor grafts were due to immunity developing against the transplanted 
tissues and furthermore considered this immunity, or resistance, as 
specific for tumor. Yet the fact that a typical difference in the reactions 
of the host against the autotransplant and the homotransplant could be 
shown in the case of transplantation of tumor as well as in that of 
transplantation of normal tissues (Loeb and the fact that normal 
homogenous tissues produce immunity against homogenous tumors, 
while immunity against heterogenous tissues can be produced only 
through previous implantation of normal tissues derived from the same 
species (Ehrlich;® Schoene®) suggested that the organisnial differ- 
entials of normal tissues are also present in tumor tissues (Loeb^*^). 
It was therefore conceivable that also after transplantation of normal 
tissues changes in the constitution of the white blood cells might take 
place in the circulating blood and that these organismal differentials 
might diffuse not only into the tissues surrounding the graft but also 
into the general circulation and from there be carried to the blood- 
forming organs, where they would cause a stimulation of the lympho- 
cytes or polymorphonuclear leukocytes in accordance with the kind of 
organismal differential active. I decided to determine, therefore, 
whether grafting of normal tissues was followed by characteristic 
changes in the relative and absolute number of white blood cells in the 
circulating blood corresponding to the local changes which were pro- 
duced by the transplanted tissue. That diffusion of organismal dif- 
ferentials into the area of the host surrounding the graft takes place 
was indicated by an experiment of Crossen^® in which when lymph 
gland was autotransplanted in the vicinity of homotransplanted cartilage 
a movement of lymphocytes from the lymph gland to the cartilage 
could be seen to occur. 

MATERIALS AND METHODS ' 

The various tissues used in the experiments were grafted into subcutaneous 
pockets in guinea pigs, rats, pigeons or chickens as host animals. As a rule, 
the transplant was small, similar in size to a single lobe of the thyroid of a 

8. Ehrlich, P.: Ztschr. f. arztl. Fortbild. 3:211, 1906; Arb. a. d, k. Inst. f. 
exper. Therap. zu Frankfurt a. M. 1:77, 1906. 

9. Schoene, G. : Verhandl. d. deutsch. Gesellsch. f. Chir. 36:213, 1907. 

10. Crossen, R. J. : Arch. Path. 6:396, 1928. 
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g^iinea pig or rat. However, in some cases which I shall mention, multiple pieces 
were grafted simultaneously or in succession. Besides tissues, various nonliving 
substances were either implanted into subcutaneous pockets or injected in the form 
of solutions into guinea pigs and rats. Before and at various intervals after the 
transplantation, in the majority of cases every second day, differential counts of the 
white blood cells were made. In addition to the differential counts, total counts 
were made in a certain number of animals bearing autogenous, homogenous or 
heterogenous grafts. 

In still other experiments excised organs were exposed to variations in tem- 
perature and to certain cliemical substances for stated periods of time previous to 
transplantation in order that the effects of these factors on the organismal differ- 
entials of the transplanted tissues might be observed. 

The differential counts were made by the dry smear method. A drop of blood 
from either the ear vein (guinea pig), the tail vein (rat) or a small superficial 
mammary vein (pigeon and chicken) was drawn out on a clean slide. This 
preparation was stained by the Wright blood stain method. Invariably 300 or more 
white cells were counted in each case. 

Total counts were made with the Spencer Brite-Line hcmocytometcr according 
to the metliod described by Todd and Sanford.^^ Since eosinophils and basophils 
were present in very small numbers and were apparently unaffected by the experi- 
mental procedures, they were grouped with the neutrophils as polymorphonuclear 
leukocytes. It should be noted here that when the term “leukocytes” is used it is as 
a synonym for white blood cells and comprises lymphocytes as well as poly- 
morphonuclear leukocytes. 

CONTROLS 

Differential counts made daily for from three to five days preceding trans- 
plantation served as control values. If the lymphocytes were the cells which 
showed an increase after grafting of a tissue, the highest percentage of lympho- 
cytes found during the control period was taken as the base line for determining the 
effects exerted by the e.xperimental procedures. 

Certain extrinsic factors which are known to exert a considerable influence on 
the blood picture in both man and higher animals were taken into account both 
in arriving at control ralues and in interpreting the changes to be described. 

In a series of experiments embracing 33 guinea pigs, 42 rats and 33 pigeons, 
differential counts were made on animals of ^*arious ages. The results are shown 
in table 1. It should be noted that as far as could be determined by gross examina- 
tion tliese animals were free from infection. 

From these results it appears that verj' young animals have greater lympho- 
cyte counts than middle-aged ones. This comes out clearly in the case of guinea 
pigs in which it is seen that recently born animals have from 11 to 16 per cent 
more Ij-mphocytes tlian young adults. In still older animals there is an increase. 
There seems to be a tendency toward increase of lymphocytes again in the periph- 
eral circulation in pigeons and guinea pigs as these animals grow old. How- 
ever, since only a relatively small number of old individuals of these three species 
could be obtained and since a corresponding curve was not observed in the case of 
rats, it may be that the variations in some of these cases were accidental. 


11. Todd, J. C., and Sanford, A. H. : Clinical Diagnosis by Laboi'atory 
^Methods: A Working l^Ianual of Clinical Pathologj’, ed. S, Philadelphia, W. B. 
Saunders Company, 1935. 
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It seemed that for the purpose of the experiments in view the most favorable 
age of the host animals in each of the three species was that of rmung adults. 
Rats weighing from 80 to 120 Gm. and guinea pigs weighing from 300 to 500 
Gm. belong approximately to this class. The weight of the pigeons varied between 
350 and 500 Gm. By carefully checking the weights of the animals which were 
used, it was possible to keep the age factor fairly constant as far as the host animals 
were concerned. 

It is well known that leukocytosis follows ingestion of food, and there is, 
furthermore, general agreement that the maximum rise in the total leukocyte 
count occurs within two to three hours after a meal and may amount to as much 
as 100 per cent. 

In order to avoid variations in counts due to food intake, specimens were 
invariably taken in the morning, when a period of approximately eighteen to 
twenty hours had elapsed since the last feeding. 


Table 1. — Influence of Age on Lymphocyte Count 


Animal 

Number on 
Which Counts 
Were Made 

Age 

Averagfi 
Percentage of 
Lymphocytes 

Pigeon 

10 

2 days-1 weeks 

G9.5 

12 

2 mo.-l yr. 

C0.2 


10 

1%-1 yr. 

62.5 


1 

5yr. 

69.0 

Guinea pig 

10 

1 day-4 weeks 

71.5 


10 

C wceks-6 mo. 

53.S 


10 

7 mo.-2 yr. 

60.3 


3 

3-5 yr. 

72.0 

Rat 


14 weeks 

63.3 


12 

5 wceks-0 mo. 

C2.S 


13 

7 ino.-2 yr. 

SS.S 


3 

2%-3 yr. 

57.0 


Temperature effects must also be considered since Murphy and Sturm,!^ sub- 
jecting mice to dry heat at 55 to 65 C. for five minutes, found that both neutrophils 
and lymphocytes fell immediately after the exposure. Subsequently, however, the 
neutrophils recovered at a slow rate while the lymphocytes increased so rapidly 
that by the second week after heating the count often reached a point as high as 
200 to 300 per cent above normal. I found an increase in lymphocytes in one 
set of control experiments carried out in the hot weather of early June 1936. 
These experiments were therefore discarded. All the other experiments were done 
at temperatures which were within the normal range; in these an increase in the 
lymphocytes due to a rise in temperature could be excluded. 

Recently von Euler and Malmberg made comparative white blood cell counts 
of blood taken from the heart, the marginal ear vein and “pooled blood” of the 
guinea pig. They found the count of heart blood to be approximately one-third 
that of blood from the ear vein and the count of “pooled blood” two-thirds as 
high as that of blood from the ear vein. I attempted to repeat their experiments 
by making similar comparative counts of blood from the heart and from the ear 
vein every other day for a period of eight days. Thus each figure in table 2, which 
gives a summary of the results obtained, is an average of 4 counts. 

12. Murph}', J. B., and Sturm, E. : J. E.xper. Med. 29:1, 1919. 

13. von Euler, H., and Malmberg, M.: Naturwissenschaften 24:713, 1936. 
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Here, loo, there are consistent clifTcrcnccs between the values for heart and 
ear vein blood, but tlicse differences are not nearly as great as those found by von 
Euler and Afalmberg, since the average count of blood from the heart is 90 per cent 
of the count of blood from the car vein, as compared with approximately 33.33 
per cent found by the latter investigators. 

However, it was possible by modifying the mode of procedure to obtain differ- 
ences between counts comparable to those obtained by von Euler and Malmberg. 
This modification consisted in allowing the heart blood to stagnate for a short time 
after its removal from the guinea pig. 

Differential counts made simultaneousli' with the total counts in the same 
guinea pigs showed that the proportion of lymphocytes in blood taken from the 
ear vein was higher than that in blood taken from the heart. There were on the 
average 55 per cent lymphocytes in the heart blood as compared with 62.8 per cent 
in the blood taken from the car vein. 

Table 2. — Cojii/>nra(!'yc Counts of IVhitc Blood Cells in Blood from the 
Heart and from the Ear Fein 


Averngc Count of Averngo Count of 
tVhitc Blood Cells per White Blood Cells per 
Cu. -Mm. of Blood Cu. Mm. of Blood 


Guinea Pig Prom Ear Vein Prom Heart 

1 S,150 7,230 

2 7,000 7,JOO 

3 7,100 0,500 

4 7,100 7,000 

5 S.COO 8,'150 

0 8,800 0,500- 

7 0,500 0,150 

8 6,100 7,700 

9 0,850 0,400 

10 7,500 0,550 

11 7,700 0,850 

12 0,800 5,000 

Average 7,501 ' 0,813 


0,S13 / 7,591 = 0.90 (O07o) 


In order to avoid the difficulties shown by these experiments peripheral blood 
was used in all counts. As stated, in the case of guinea pigs blood from the 
marginal ear vein was used ; in that of rats blood from the tail vein, and in that of 
pigeons and chickens blood from a superficial vein of the breast. 

Further care was taken to eliminate all animals that were diseased and to 
discard all experiments in which the transplanted tissue showed any sign of 
infection. 

NUMBER OF WIIITE BLOOD CORPUSCLES IN THE CIRCULATION 

OF NORMAL ANIMALS 

With the factors of nutrition, temperature, age and source of blood 
thus adequately controlled, both total and relative counts were made on 
a series of normal guinea pigs, while differential counts alone were made 
on a similar group of rats and pigeons, in order to determine the range 
of variation in the numbers of leukocytes circulating in the peripheral 
blood in normal animals that had not been operated on. The differential 
counts of the pigeon and rat were comparable. Since there is- an inverse 
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ratio between changes in relative couts of lymphocytes and polymorpho- 
nuclear leukocytes (the proportion of lymphocytes rises while that of 
polymorphonuclear leukocytes decreases correspondingly) it is necessary 
to show onty the variations in the number of lymphocytes. The average 
of the counts made on the 12 guinea pigs the first day represents the 
base line (O), and increases or decreases found in subsequent counts 
are measured by the height and position of the ordinates. The average 
increases and decreases found over a twenty day period were relatively 
slight. In the case of the lymphocytes the average deviation never 
exceeded 5 per cent in either direction ; the average total counts, simi- 
larly, never showed a deviation of more than 500 in the positive and 
600 in the negative direction. In only 2 guinea pigs did the increase in 
lymphocytes exceed 5 per cent; it rose to 8 per cent on the thirteenth 
day in one and to 10 per cent on the fifteenth day in the other. Similarly, 
deviations in the total counts greater than 500 in either direction were 
observed in only 3 animals. One showed an increase of 750 on the third 
day and the other 2 decreases of 800 and 750 white blood cells on the 
ninth day. 

As far as the range of variations in the differential counts of pigeons 
and rats is concerned, it was very similar to that noted in guinea pigs. 

EFFECTS OF TISSUE TRANSPLANTS ON THE ABSOLUTE AND 
RELATIVE NUMBERS OF VARIOUS TYPES OF LEUKOCYTES 
IN THE PERIPHERAL CIRCULATION OF THE HOST 

Autotransplants . — In all, 42 experiments were made in which the 
effect of autotransplantation on the numbers of leukocytes in the periph- 
eral blood was observed — ^24 with guinea pigs, 12 with rats and 6 with 
pigeons. Thyroid, testis, ocular lens and blood clot were used. As can 
be seen in table 3, in no case did the average maximum increase in 
percentage of lymphocytes exceed 6.5 per cent; if one excepts auto- 
transplantation of blood clots, the average relative increase in l)''mpho- 
cytes was never greater than 4.8 per cent. Similarly, in the case of 
total counts as determined in 4 guinea pigs following autotransplantation 
of thyroid, the increase in no instance exceeded 500 white blood cells 
per cubic millimeter (table 4). However, in 3 single counts increases 
in percentage of lymphocytes did exceed 10 per cent. Two guinea pigs 
showed a 12 per cent and a rat a 10 per cent increase. Two of these 
exceptions occurred on the tenth day, the third on the sixteenth day, 
and they were probabl}'^ due to some environmental factor. These high 
counts were, however, transient, since on the next occasion on which 
counts were made on these animals they showed an increase of less than 
5 per cent. 

It might be concluded that the variations found after autotransplanta- 
tion were similar to those observed in normal animals,' This is, however, 
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not the case, since in these experiments, with few exceptions, nega- 
tive clc^na^ions were not observed. After autotransplantation there is 
generally an average maximum increase in percentage of lymphocytes 
of 5 per cent, and the average maximum increase in the total number 
of white blood cells is 500 leukocytes. In general there is a tendency 
for the counts to remain at the base line and occasionally to rise slightly 
above it during the course of a twenty day experiment. If the experi- 
ments with pigeons arc omitted, only 12 of 378 counts made in the 36 
cases of autotransplantation showed negative deviations, and these were 


Table 3. — Effect of Ajitotrauspiauiation on Differential Counts of 
IVhite Blood Cells In Peripheral Blood 





Averape 


Uaupe of 





3fn.\'Imtiin 


Variation In 

Rnnpe of 




I’crccntal 

Averapo 

Percental 

Variation In 




Increase of 

Bay of 

IncreaBC of 

Bay of 

Anlmnl 

Pxperl- 

'I’lssuo 

Lympho- 

Maximum 

Bympho- 

Maximum 

Species 

inent.s" 

Transplanted 

cytes 

Increase 

cytes 

Increase 

Giiincn pip 

32 

Thyroid 

4.1 

C.l 

1-32 

1-11 

G 

Blood clot 

c..'-, 

4.3 

0-7 

2-lS 


0 

Testis 

4.8 

.'■>.5 

4-C 

2-0 

Hat 

3 

Thyroid 

,3.3 

ll.G 

2-10 

D-10 


3 

Blood clot 

4.7 

C.O 

4-r. 

2-9 


0 

Eye lens 

4.3 

D.7 

2-7 

3-9 

Pipcon 

0 

Thyroid 

0 

... 

... 

... 

* Tlio total numljcr o£ experiments was 42. In 
plants became Iniccted were excluded. 

all the tables cases In which the trans- 


Table 4. — Effect of Autotransplantation on Total Counts of White 

in' Peripheral Blood 

Blood Cells 

Animal Experl- 
Speeles monts 

Tis.sue 

Transplanted 

Average 
Maximum 
Increase of 
White Blood 
Cells per 
Cu. Mm. 

Averapo 
Bay of 
Maximum 
Increase 

Range of 
Variation In 
Increase of 
White Blood 
Cells per 
Cu. Mm. 

Range of 
Variation In 
Bay of 
Incroase 

Guinea pip 4 

Tliyrold 

27.". 

4.,''i 

GO-GOO 

3-9 


transient, the counts returning either to normal or to slightly above 
normal usually at the first, or at the latest at the second, subsequent 
count. The experiments with pigeons in which thyroid was autotrans- 
planted differed from those with the other species inasmuch as the 
counts were very similar to those observed in controls, showing both 
slight positive and slight negative deviations. 

Wounds ; Inert Foreign Bodies : It was now necessary to determine 
whether this difference between the normal variations and the varia- 
tions noted in bearers of autotransplants was due to the presence of 
the implanted tissue as such or whether it was due to nonspecific 
factors. Various inert substances, such as pieces of paraffin, silk thread 
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or agar, were therefore implanted into animals and differential counts 
made in the same way as in the experiments with autotransplantation. 
Table 4 shows the results. The positive deviations in animals with 
implanted inert substances were very similar in range to those in 
animals with autotransplants. There is, however, one minor exception to 
this conclusion. In 3 experiments in which paraffin was implanted 
changes similar to those observed in controls occurred, i. e., ])oth small 
positive and small negative deviations. In additional experiments cuts 
were made in the skin of 4 guinea pigs, and these incisions were 
immediately closed by suture. Differential counts made on these animals 
were comparable in every way to those made after autotransplantation 
as well as after implantation of inert substances. 


Table 5. — Effect of Implantation of Inert Materials and of Operative Inter- 
vention on Blood Counts (Differential Counts) 


Animal 

Experi- 

Substance 

Average 
Maximum 
Percental 
Increase ol 
Lympho- 

AvetagQ 
Pay of 
Maximum 

Range of 
Variation in 
Percental 
Increase of 
Lympho- 

Range of 
Variation in 
Pay of 
Maximum 

Species 

ments* 

Implanted 

cytes 

Increase 

cytes 

Increase 

Guinea pig 

4 

Agar 

6.0 

10 

5-7 

S-12 


4 

Thread 

4.5 

6.5 

3-0 

U'lS 


16 

Paraffin 

S.4 

6.S 

0-6 

MS 


4 

Cut and suture 

4.5 

5.0 

2-S 

MO 

Eat 

4 

Paraffin 

2.0 

4,5 

3.5 

1-4 


* The total number ot experiments rvas 32. 


It is evident, then that simple operative procedures may act as a 
mild stimulant to the hemopoietic tissues, with the result that instead 
of observing a curve in the percentage of lymphocytes similar to that 
seen in controls, which is characterized by small positive and small 
negative deviations, one sees a number of small increases and almost 
no decreases. The time when the maximum of lymphocytic increase 
is observed is variable, ranging in both the case of autotransplantation 
and that of implantation of inert substances between one and eighteen 
days. The pigeon, however, appears to be refractory to mild stimula- 
tions such as those produced by autotransplantation and by the inser- 
tion of inert foreign bodies, since in all experiments of this kind the 
variations were the same as those previously observed in normal 
animals; also in 3 guinea pigs implantation of paraffin did not cause 
an increase in numbers of white blood cells. 

One may therefore conclude that no changes in the white cell con- 
tent of the peripheral blood could be attributed specifically to the 
presence of the autotransplanted tissue. The reactions observed were 
the result of nonspecific operative disturbances during the process of 
transplantation. 



BL U MENTHA L~ORGANISMA L DIEPEREN T I A IS 521 

Homogenous 'Fransl^lants . — In 253 experiments the crfccl of homo- 
transplantation on tlic numbers of leukocytes was studied. As is shown 
in table 6, these transplantations included a wide variety of tissues. As 
usual, grafts were made into subcutaneous pockets with exception of 
6 instances in which thyroids were transplanted to muscles in pigeons. 
Since the changes observed in these 6 eases did not difler from those 
seen after subcutaneous transplantation, they arc included with the 
latter in table 6. 

As can be seen from table 6, with few exceptions, to he discussed 
later, there is a marked increase in the proportion of lymphocytes in 
the differential count following homotransplantation. The increase 
is well above 10 per cent, and the day of maximum change shows 
much less variation than was found after autotransplantation or after 
implantation of inert substances. 

After homotransplantation of thyroid (lOS experiments), it Avas 
observed that by the fourth or fifth day there was a clearcut increase 
in lymphocytes. The maximum increase was usually reached on the 
sixth to seventh day ; this was folloAved by regression to ajDproximately 
the normal count. After homotransplantation of blood clot the reaction 
was more rapid. Definite increases in lymphocytes could be noted as 
early as the first or second day, Avhilc the maximum increase Avas 
generally observed on about the fourth day. In the case of the chicken 
the relative increase in lymphocytes Avas somcAvhat less marked and 
the time of the maximum increase someAvhat later than in the other 
species, OAving imobably to the fact that the normal percentage of 
lymphocytes in the chicken is already very high (75 to 85 per cent). 
Under this condition a stimulus might be expected to be less effective 
than in the other three si}ecies. 

Table 6 shoAvs further that the increase in the average percentage of 
lymphocytes varies from 13.5 per cent in the pigeon to 16.9 per cent 
and 16.6 per cent in the rat and guinea pig, respectively, folloAving 
homotransidantation of thyroid. Again, the pigeon generall)’’ has a 
higher normal proportion of lymphocytes than cither of the other tAvo 
species and the relative increase in lymphocytes under this experimental 
condition is therefore less great in the former. 

It is interesting to note that 29 of the 35 experiments in Avhich 
increases over 25 per cent Avcrc exhibited Avere carried out during the 
last tAvo years of the investigation, Avhile only 4 of the 35 experiments 
in Avhich increases less than 25 per cent Avere shoAvn Avere done during 
the same period. This makes it probable that Avith gradual improve- 
ment in technic the counts became slightly higher and that the average 
increase in lymphocytes in the homotransplantation experiments carried 
out in the course of three years AA'as actually somcAvliat greater than the 



522 


ARCHIVES OF PATHOLOGY 


figures given here indicate; however, these variations are not of a 
sufficient magnitude to alter the conclusions. 

The total counts confirm essentially the results obtained with dif- 
ferential counts. After homotransplantation there is an increase in the 
total number of white blood cells per cubic millimeter of the peripheral 
blood, which reaches a maximum on the sixth to eighth day. This 
coincides approximately with the time at which the maximum increase 


Table 6.— Effect of Homotransplanfafion on the Distribution of Leukocytes in 
the Circulating Blood (Differential Counts) 


Animal 

Tissue 

Experi- 

Average 
Maximum 
Percental 
Increase of 
Lympho- 

Average 
Bay of 
Maximum 

Range of 
Variation in 
Maximum 
Percental 

Range of 
Variation in 
Day of 
Maximum 

Species 

Transplanted 

ments* 

cytes 

Increase 

Increase 

Increase 

Guinea pig 

Thyroid 

6S 

10.6 

7.1 

11-31 

4-12 

l/iver 

16 

14.3 

7.1 

11-20 

S-IO 


Kidney 

6 

15.5 

7.2 

10-27 

5-10 


Skeletal muscle 

4 

22.7 

10.7 

15-37 

6-16 


Cardiac muscle 

4 

17.0 

8.7 

8-22 

S-10 . 


Uterus 

4 

18.5 

7.0 

15-22 

6-8 


Ovary 

Testicle 

4 

15.5 

7.0 

12-16 

4-10 


4 

16.3 

12.7 

12-19 

10-16 


Brain cortex 

7 

19.7 

3.8 

8-29 

2-6 


Blood clot 

6 

20.5 

4.2 

8-30 

3-6 


Plasma clot 

10 

18.2 

5.2 

15-25 

2-6 


Cartilage 

8 

4.5 

5.0 

2-8 

4-6 

Rat 

Thyroid 

19 

16.9 

6.6 

11-26 

4-9 


Kidney 

4 

12.5 

7.0 

11-14 

0*9 


Uterus 

4 

14.0 

8.2 

10-14 

7*11 


Ovary 

4 

14.9 

9.0 

11-18 

7-il 


Adrenal cortex 

4 

12.8 

9.6 

9-11 

10-16 


Lymph node 

4 

14.8 

10.0 

10-20 

9-11 


Lung 

4 

14.0 

5.3 

8-20 

2-11 


Brain cortex 

4 

16.8 

3.3 

13-21 

2'4 


Blood clot 

4 

16.8 

3.3 

11-21 

2-4 


Decapsulated 
crushed lens 

12 

17.9 

8.0 

11-21 

2-4 


Whole lens 

8 

6.3 

8.0 

5-11 

2-14 


Crushed lens 
with capsule 

4 

16.5 

7.5 

12-20 

5-10 


Tendon 

4 

7.1 

10.3 

5-8 

7-14 


Cartilage 

6 

5.5 

4.5 

0-7 

1-6 

Pigeon 

Thyroid 

16 

13.5 

8.9 

11-23 

7-12 

Skin 

6 

9.8 

12.6 

7-12 

8-12 

Chicken 

Thyroid 

5 

9.2 

10.4 

8-13 

8-12 


* The total number of experiments was 2o3. Included in this table are 14 experiments in 
which the counts were typical but in which the animals died before the experiments were 
concluded. 


in lymphocytes as determined by means of differential counts occurs. 
Furthermore, in both the differential and the total counts the increase 
over the figures for the normal controls is approximately 16 per cent. 
If, as is shown in table 7 , the absolute change in lymphocytes is cal- 
culated, the increase which takes place after homotransplantation is 
still more striking. There is an absolute average increase of 77.6 
per cent in the case of the guinea pig and of 54.2 per cent in the case 
of the rat. 
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If all the tissues are classified according to the average time at 
which the maximum increase occurred, definite groups are found to 
exist. The earliest dianges appear after homotransplantation of blood 
clot, plasma clot, brain cortex and lung, the maximum counts with these 
tissues being generally seen between the third and fifth day. However, 
increases in lymphocytes can often be noticed as early as the first or 
second day. The next group consists of homografts of thyroid, liver, 
kidney, uterus and crushed lens of the eye: here the maximum effect 
occurs usuall)' between the sixth and eighth day. The ovary of the 
guinea pig also belongs to this group, while that of the rat belongs 
apparently to the next group, which consists of adrenal gland, lymph 
node, heart and skeletal muscle; with these organs the maximum 
increase is not reached until some time between the eighth and tenth 
day. In experiments with testicle and skin the maximum change 


T.\ble 7. — Effect of Homotransplantation on the Distribution of Leukocytes in the 
Circulating Blood (Absolute Counts of Lymphocytes) 


Auimnl 

Experi- Type of 

Average 

Average 

Species 

Tissue uients Count 

Control Count 

Maximum Count 

Guinea 

Thyroid C Total 

7,775 leukocytes per 

9,953 leukocytes per 

pie 


ciu inni. 

CU. mm. 

DifTerentiai 

.51.1*;;. lywiphoeytes 

(O.Tv;, lymphocytes 


.■Vbsoiute 

3,973 lymphocytes per 
cu. mm. 

7,05S lymphocytes per 
cu. mm. 


7, OK — 3,973 = S,0S5 

S.OSo / 8,973 X 100 = 77.S~t, 

absolute increase in lymphocytes 

Rat 

Thyroid G Total 

9,0S3 lewlcocytos ix;r 

cu. mm. 

11,035 leukocytes per 
cu. mm. 


BilTcrcntinl 

GS.Sv, lymphocytes 
5,814 lymphocytes per 
cu. mm. 

74.l<ro Ipnphocytes 


Absolute 

S,194 lymphocytes per 
cu. mm. 


S,191 — 0,315 = 2,SS0 

2,SS0 / 5,814 X 100 = .54.27o 

absolute increase in Ipnpliocytes 


occurred even later, usually not before the twelfth day. There are. in 
addition, tissues which at no time following homotransplantation elicit 
the typical reaction. These include cartilage, tendon and intact lens 
of the eye. Transplantation of these yields results comparable to a 
certain extent, but perhaps not completely, to those obtained after auto- 
transplantation or after merely operative interferences. 

These variations in the time of the maximum reaction can be 
correlated with differences in the consistency of the various tissues, 
whicli apparently detei-mine the readiness with which the effective sub- 
stance is released from the grafts and reaches the hemopoietic organs 
in the host. In the first group, the tissues (blood clot, plasma clot and 
brain cortex) are very soft and loose, and the release is therefore greatly 
facilitated. On the other extreme are tissues such as cartilage, tendon, 
lens capsule and to a certain extent epidermis: these are hard tissues,' 
which tend to prevent diffusion of the active substance. In addition! 
one has to consider the possibility that in these firmer tissues the 
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metabolism is low and that corresponding!}^ the individuality differen- 
tials may be produced in onlj'- small amounts. In the case of cartilage 
the lack of a honioreaction has been confirmed by total counts. Inter- 
mediate between these two types of tissues are the glandular and 
muscular tissues, in which the maximum release of active substances 
takes place later than in the first group but with ivhich the maximum 
counts are very high. The maximum reaction is reached somewhat 
more rapidly with glandular tissues than with muscle. The difference 
between ovaries of the rat and guinea pig may perhaps be due to the 
fact that in the ovary of the rat the corpora lutea are much more 
numerous than in the ovary of the guinea pig. 

If one considers onl)^ the relative counts of lymphocytes, the degree 
of maximum increase of these cells shows no apparent correlation with 
the time at which this increase is reached. But an analysis of the 
absolute counts (table 6 ) shows that in those instances in which the 
maximum increase appeared on the fifth or sixth day after homo- 
transplantation the increase was greater than in those in which the 
maximum increase was reached later, namely, on the eighth or ninth 
day; in the former the ascent of the curve representing this increase 
in the absolute number of lymphocytes was steeper than in the latter 
cases. 

The fact that it was possible to observe typical generalized homo- 
reactions following transplantation of homogenous blood clots or plasma 
clots is of particular interest since Loeb could find only slight differ- 
ences histologically between the reactions against autogenous and homog- 
enous blood clots. The differences between the local and general 
reactions against blood clots are presumably due to the great rapidity 
with which the individuality differentials are extracted from this 
material, as is indicated by the very early appearance of the increase 
in }3miphocytes in the general circulation; under this condition the 
local reaction has not had a chance to become manifest in full strength. 
The response on the part of the leukocytes in the circulation appears 
thus to be a very sensitive test for the action of a homotoxin. Further- 
more, since the t3^pical Iymphoc3ffic reaction in the peripheral blood 
occurred also after homotransplantation of plasma clot, constituents 
of the blood other than the red cells ma}'- also contain the organismal 
differentials. 

The occurrence of a typical peripheral blood response to homo- 
transplantation of crushed ocular lens is of particular interest. 
Uhlenhuth showed on the basis of immunologic tests that the protein 

14. Loeb.^e Loeb.=P 

15. Uhlenhuth, P., in Festschrift zum sechzigsten Geburtstage von Roberf 
Ivocli, Jena, Gustav Fischer, 1903, p. 49. 
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of the lens of the eye is organ specific but lacks species specificity 
almost entirely. The findings of Uhlenhuth have been confirmed and 
further extended by Hektoen and Schulhof.^" Flcisher^" used trans- 
plantation as a test for the presence of the individuality differential in 
this tissue. He was unable to observe any marked dilTcrence between 
the local lymphocytic reactions around autotransplanted and homotrans- 
plantcd lens and concluded, therefore, that this tissue did not seem to 
possess an individuality differential. In accordance with a suggestion 
made by Loeb, Fleishcr considered the possibility that the capsule 
of the lens presented a mechanical barrier to the interchange of sub- 
stances between host and transplant and to the entrance of lymphocytes 
and fibroblasts of the host into the homogenous transplant, but he 
dismissed this possibility because the reaction around the lens was 
apparently lacking even in cases in which the capsule had been acci- 
dentally broken. My experiments with whole lens were likewise nega- 
tive. On the other hand, crushed lens, whether previously decapsulated 
or not, always gave a typical homoreaction. Similarly in a case in 
which the whole lens was accidentally crushed during the process of 
transplantation a positive result was obtained. Thus, from my experi- 
ments it would seem that Loeb’s explanation is the correct one. It is 
possible that in Flcisher’s experiments the injury to the capsule was 
not sufficient to offer enough surface contact between lens fibers and 
host tissue or that the absorption of the active substance was too rapid 
to make possible a local reaction. 

These experiments show, therefore, that the individuality differen- 
tial is present in a wide variety of tissues of the bod}', a fact already 
well established by Loeb,^® and that when these tissues are homotrans- 
planted there takes place a typical general reaction, characterized by 
both an absolute and a relative increase in the number of lymphocytes 
in the peripheral blood, which corresponds to the local reaction about 
the transplanted tissue. This general reaction in the presence of homog- 
enous tissue occurs only when a threshold quantity of homotoxin is 
released, a lesser lunount eliciting merely a wound reaction. On the 
other hand, it seems that a greater than threshold quantity does not 
increase the general reaction to a noticeable extent. This was demon- 
strated by the fact that 6 guinea pigs in which multiple homotrans- 
plantations of thyroid gland were carried out simultaneously — 2 animals 
receiving two, 2 others four and the last 2 six thyroid grafts — did not 
show a greater percental increase of lymphocytes than was observed 
following a single homogenous transplantation of thyroid, nor did the 

16. Hektoen, L., and Schulhof, K.: J. Infect. Dis, 34:433, 1924. 

17. Fleishcr, M. S. : J. M. Research 42: (o) 173 and (b) 491 19^1 

18. Loeb.=fl Locb.so 
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reaction appear earlier under these circumstances. It seems that the 
reaction requires a certain threshold amount of tissue ; if this is 
exceeded the reaction is neither intensified nor accelerated. 

Syngenesiotrans plants . — Fourteen experiments were carried out in 
which thyroids were syngenesiotransplanted in guinea pigs, the tissues 
being transferred to brother or sister. The average maximum per- 
cental increase of lymphocytes was 11,7, distinctly less than that 
observed after homotransplantation. The variations in the maximum 
increase of lymphocytes ranged between 8 and 18 per cent. In 4 of 
these 14 experiments the increase was less than 10 per cent, while in only 
2 it was above 15 per cent. Not only was the average maximum 
increase in the number of lymphocytes less after syngenesiotransplanta- 
tion than after homotransplantation, but also the average time at which 
this maximum increase was reached was greater, namely, twelve and 
one-tenth days as compared with seven and one-tenth days in the 
corresponding homotransplantations. The time at which the maximum 

Table 8. — Effect of Syngcncsiotransplaiitafion on the Distribution of Leukocytes 
in the Circulating Blood (Differential Counts) 


Average 

Maximum Range of Range of_ 

Percental Average Variation in Variation in 
Increase of Uay of Ma.ximnm Day of 
Animal Tissue Experi- I/ymplio- Maximum Percental Maximum 

Species Transplanted ments cytes Increase Increase Increase 

Guinea pig Thyroid 14 11.7 12.1 S-IS 0-19 


increase occurred varied between six and nineteen days. Furthermore, 
in the 4 cases in which a maximum increase in lymphocytes of less than 
10 per cent was shown the increase was reached between the sixth 
and nineteenth day after transplantation, whereas in the remaining 10 
cases variations in time ranging from the sixth to the thirteenth day 
were exhibited. Thus some of the s)'’ngenesiotransp}ants elicited reac- 
tions similar to those observed after homotransplantation, while the 
reactions to others closely resembled those following autotransplanta- 
tion. The largest group, consisting of 8 cases in which the maximum 
increase was somewhat less than that observed after hohiotransplanta- 
tion and in which it usually appeared at a later time, behaved in an 
intermediate manner. 

One can thus observe following syngenesiotransplantation reactions 
of intensities ranging from that observed after autotransplantation, 
at one extreme, to that seen following homotransplantation, at the other, 
with the greatest number of experiments giving intermediate responses. 
There are quantitative differences between the reactions observed after 
homotransplantation and those following syngenesiotransplantation. In 
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the latter a longer time is generally necessary for the release of a 
quantity of the strange organismal differentials sufficient to induce a 
general reaction. 

Heterotransplants. — As shown in table 9, altogether 107 trans- 
plantations of a variety of heterogenous tissues were carried out. The 
most striking difference between the results in these experiments and 
those observed following homotransplantation consists in the kind of 
white blood cells which react. Whereas after homotransplantation there 
is both a relative and an absolute increase in the lymphocytes of the 
peripheral blood, grafting of heterogenous tissues is .followed by a 
primary increase in the numljer of polymorphonuclear leukocytes and, 
again, this increase is both a relative and an absolute one. 

Furthermore, the reaction to heterogenous grafts tends to appear 
a few days earlier than does the reaction to homogenous transplants 
(table 9). Following heterotransplantation of thyroid the increase 
in polymorphonuclear leukocytes reaches a maximum on about the 
fifth day; this is approximately two days earlier than that observed 
after homotransplantation. The beginning of the increase can be 
noticed already on the second or third day after heterotransplantation of 
thyroid ; this corresponds to the time when the increase of lymphocytes 
becomes noticeable in the cases in which the easily absorbed blood clot 
is homotransplanted. This increase in polymorphonuclear leukocytes 
is followed by a regression which continues until approximately the 
normal count is attained, usually about the tenth day. Subsequently 
there takes place a secondary reaction character.ized by an increase, both 
relative and absolute, in the number of lymphocytes, which usually 
reaches a maximum between the fourteenth and sixteenth days and 
again is followed by a regression to normal. 

As was observed in the case of homotransplantation, there are dif- 
ferences in the time of reaction which depend on the kinds of tissue 
used for heterotransplantation. Here, too, blood clot and brain give 
the earliest reactions, the glandular tissues intermediate ones, and 
heterotransplanted cartilage and tendon, which after homotransplanta- 
tion gave no reaction at all, produce a definite change characterized by 
a relatively late appearance of the maximum increase, usually about 
the seventh day. Crushed lens also belongs to the category of tissues 
giving a tardy reaction. 

Likewise, after heterotransplantation of plasma clot a typical reac- 
tion is obtained ; as after homotransplantation, it is later in its appear- 
ance than that following heterotransplantation of whole blood (table 9). 
It thus seems that the substances acting as, or given origin to, homo- 
toxins and heterotoxins are present in the red blood corpuscles as well as 
in the fibrin, but the latter contains an amount sufficient only to cause 
a retarded reaction. 
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Furthermore, tissues such as adrenal, and in the rat also ovary, 
which called forth fairly late maximal responses after honiotransplan- 
tation react similarly following heterotransplantation, while' testicle, 
which caused a relatively late change when homografted, induces a 
heteroreaction within the same period of time as do glandular tissues 
such as thyroid, liver and kidney. It should also be noted that crushed 
lens is capable of producing a typical heteroresponse and contains, there- 
fore, heterodifferentials as well as homodifferentials. 


Table 9. — Effect of Hetcrotrausplaniation on the Distribution of Leukocytes in the 
Circulating Blood (Differential Counts) 


Animal 

Tissue 

Average 
Maximum 
Percental 
Increase of 
Experi- Polymorpho- 

Average 
Day of 
Maximum 

Range of 
Variation in 
Percental 
Maximum 

Range of 
Variation 
in 

Day of 
Maximum 

Species 

Transplanted 

ments* nuclears 

Increase 

Increase 

Increase 

Pigeon to 

Thyroid 

a 16.6 

5.6 

13-23 

5-6 

guinea pig 

Cartilage 

i 16.0 

6.0 

12-23 

5-6 


Blood clot 

4 26.7 

3.5 

23-34 

2-5 

Guinea pig 
to pigeon 

Thyroid and 
cartilage 

4 1S.8 

5.0 

15-23 

4-0 

Bat to 

Thyroid 

10 10.2 

4.0 

12-20 

3-10 

guinea pig 

Cartilage 

6 13.S 

C.S 

11-16 

6-8 


Blood clot 

6 10.5 

3.5 

12-28 

1-5 

Guinea pig 

Thyroid 

4 16.8 

6.0 

8-23 

4-6 

to rat 

Uterus 

i 18.0 

5.0 

10-16 

4-0 


Ovary 

4 18.5 

0.0 

14-25 

S-10 


Adrenal corte.x 

4 17.5 

7.0 

14-20 

6-8 


Testicle 

4 12.0 

5.5 

9-14 

2-8 


Brain cortex 

4 18.0 

4.5 

11-24 

2-S 


Blood clot 

4 15.5 

3.5 

10-23 

2-5 


Deeapsulated 
crushed lens 

8 20.6 

7.3 

12-32 

4-10 


Tendon 

4 13.S 

4.5 

12-15 

2-6 


Lymph node 

4 14.5 

4.5 

9-20 

4-6 

Mouse to 

Cartilage 

4 12.3 

5.0 

9-17 

4-6 

rat 

Liver 

4 14.3 

5.0 

12-17 

4-8 


Kidney 

4 20.0 

5.0 

13-29 

4-8 

Babbit to 

guinea pig 

Plasma clot 

4 15.3 

5.0 

9-19 

4-5 

Rabbit to rat 

Plasma clot 

4 22.0 

7.5 

18-25 

6-8 


* The total number of experiments was 107, 


The results of total counts as determined in a series of 8 experi- 
ments parallel those obtained by means of differential counts. How- 
ever, when the absolute increase in the number of polymorphonuclear 
leukocytes is determined from these data, it is seen that this increase 
is much greater than that indicated by the differential counts, since 
the magnitude of change exceeds 100 per cent. Furthermore, the 
absolute increase of polymorphonuclear leukocytes which takes place m 
response to heterotransplantation is much greater than the absolute 
increase of lymphocytes in the case of homotransplantation. The 
reaction following heterotransplantation is therefore more acute and 
severe than that following homotransplantation. In the former it is the 
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polymorphonuclear leukocytes which react rather than the lympho- 
cytes ; the rapidity with which the reaction takes place is greater, and the 
magnitude of the increase exceeds that occurring after homotrans- 
plantation. 

The secondary increase in lymphocytes previously mentioned, which 
occurs between the tenth and fourteenth days, parallels closely, as far 
as magnitude is concerned, the primary increase following homotrans- 
plantation. In the 4 experiments in which the absolute increase in poly- 
morphonuclear leukocytes after transplantation of rat tissues into guinea 
pigs had been determined, the secondary average maximum increase in 
lymphocytes amounted to 14.5 per cent; it occurred, on the avei'age, 
fourteen and six-tenth days after the operation. 

Finally experiments were carried out in which pieces of mouse 
carcinoma which had been seriall}’^ propagated by means of hoinografts 


Table 10. — Effect of Hctcrotransphntatiou on the Absolute Counts of Polymor- 
phonuclear Leukocytes in the Circulating Blood 


Animal 

Tissue 

Trans- Experi- Type of 

Average 

Average 

Species 

planted ments Count 

Control Count 

Maximum Count 

Rat to 

Thyroid 4 Total 

C,9SS leukocytes per 

9,050 leukocytes per 

guinea pig 


cu. mm. 

CU. mm. 

Differential 

32.0% polymorpho- 

51.S7o polymorpho- 


Absolute 

nuclears 

2,230 polymorphonuclcnrs 

nuclears 

4, OSS poljTnorphonuclears 


per cu.mm. per cu.mm. 

4,6SS — 2,2.'^ = 2,4o2 2,452 / 2,23G X 100 = 109,6% absolute increase in 



polymorphonuclear leukocytes 


were transplanted into 4 rats and 4 guinea pigs. The differential counts 
showed a typical heteroreaction in each case consisting in an early 
increase in lymphocytes. Five of the animals exhibited the maximum 
secondary lymphocytic reaction between the seventh and tenth days, 
while the remaining ones showed typical secondary reactions between 
the tenth and fourteenth days. 

EFFECT OF SUCCESSIVE TRANSPLANTATIONS ON THE DISTRIBUTION 
OF LEUKOCYTES IN THE PERIPHERAL BLOOD 

Successive transplantations of pieces of tumors into the same host 
and other experiments of a related nature have shown that by this 
procedure the resistance of the host against the grafted tumor can be 
increased. According to Lumsdeni** and Woglom,-® immune substances 
can be demonstrated in the blood serum of animals actively immunized 
against a tumor or in which an implanted tumor retrogresses apparently 

19. Lumsden, T.; Am. J. Cancer 15:563, 1931. 

20. Woglom, W. H.: Cancer Rev. 4:129, 1929; Am. J. M. Sc. 181:157, 1931. 
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spontaneously. Furthermore, Schoene carried out a series of experi- 
ments in which he attempted to demonstrate that immunity developed 
against a graft of normal tissue (skin) as a result of a preceding 
injection of a suspension of liver, spleen or kidney. Tn his experiments 
the tissue used for immunization belonged to the same species as the 
subsequently grafted skin. In hombtransplantation in rabbits he believed 
that he had succeeded in producing immunity; in mice, on the other 
hand, his attempts proved to be unsuccessful. Because of the many 
variable factors which enter into the success of a skin graft, and since 
in the large majority of cases a homogenous skin graft remains united 
with the host onl}'^ temporarily, these results are not quite convincing 
as far as hoinotransplantations are concerned. In the case of successive 
heterotransplantations of mouse skin on rats, on the other hand, 
Schoene’s results seem more convincing. 

Loeb -'1 approached this problem b}’^ means of successive homotrans- 
plantations of the same type, as well as of other types, of tissue and 
could find no definite acceleration of the reaction against a second 
homotransplant as compared with that against a first graft. Fleisher 
also found that previous immunization of an animal by injection of sus- 
pensions of homogenous tissue did not alter the nature or the course of 
the reaction which took place around a homotransplant. However, in 
the case of heterotransplantation he did find an increased reaction 
on the part of polymorphonuclear leukocytes, which surrounded and 
invaded the graft in the first few days in an animal immunized against 
tissues of that particular species; in addition, he noticed a delay in 
the ingrowth of fibroblasts and interference with the slight growth 
processes which may take place in the heterogenous tissue. 

In order to determine whether acceleration of the reaction following 
a second transplantation could be detected by means of blood counts, 
a series of 82 experiments was carried out in which two successive 
homotransplantations were made, -and in 23 additional experiments the 
effects of two successive heterotransplantations on the number of leuko- 
cytes were determined. In the case of the homotransplantations a first 
subseries of experiments consisted of 58 in which an interval of ten 
days intervened between the two transplantations while in a second 
subseries, consisting of 24 experiments, the length of the intervening 
period was twenty-one days. Twelve experiments in each group served 
as controls ; in these, inert paraffin took the place of the first tissue 
graft. Rats as well as guinea pigs were used as hosts. 

Successive Homotraiisplautations. — Homotransplantations of thyroid 
after a previous implantation of paraffin called forth a typical hoino- 

21. Schoene, G. : Miinchen. med. Wchnsclir. 59:457, 1912. 

22. Fleisher, At. S.; (a) J. AI. Research 38:191, 1918; (h) 37:483, 1918. 
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reaction as far as the magnitude of increase and the average time of 
maximum reaction were concerned. On the other hand, if the first 
transplant consisted of living homogenous tissue, the reaction following 
the subsequent transplantation of the same or of another kind of tissue 
of the same species was definitely accelerated ; it occun-ed from two to 
four days earlier than the reaction after the first gi-afting. As is shown 
in table 11, there is no dift'erence between the results obtained in the 
first subseries, in which the interval bet\YCcn the two transplantations 
was ten days, and the results obtained in the second one. in which the 
interval was twenty-one days. 

Despite the acceleration of the reaction, the actual increase in the 
number of lymphocytes following the second transplantation was less 
than that following the first transplantation in all cases except 5 
(noted in part 1 of table 11) in which the increase following the second 
grafting was greater than that observed after the first. 

Three experiments in which four successive homotransplantations 
of blood clot were made into guinea pigs at four day intervals failed 
to reveal any diminution in the number of lymphocytes after the 
second, third or fourth transplantation nor was there any evidence of 
a more rapid appearance of the lymphocytic increase. This is probably 
at least partly due to the fact that the reaction to a first implantation of 
blood clot is already a very rapid one: the maximum increase occurs 
usually between the second and the fourth day. 

In addition to the experiments shown in table 11 there was a series 
of 8 experiments — 1 in guinea pigs and 4 in rats — in which not only 
differential counts but also total counts were made. The changes 
established by means of the latter closely paralleled the results of the 
differential counts. In the guinea pigs there was a maximum average 
increase of 1,585 leukocytes per cubic millimeter of peripheral blood 
following the primary transplantation, and in the rats, a corresponding 
average increase of 2.010 leukocytes. The increases following the 
second transplantations were on the average 1.150 leukoevtes in the 
guinea pigs and 1,220 in the rats. The average period of time preceding 
the primary maximum increase was seven and one-tenth davs in the 
guinea pigs and six and eight-tenth days in the rats, whereas the 
average period preceding the secondary maximum increase was four 
and five-tenths days in the former and four and three-tenths days in 
the latter. 

Succcsshc Hetcrotvans plantations . — The reactions of the leukocytes 
to successive transplantations of heterogenous tissues arc shown in 
table 12 ; they are quite comparable to those following successive trans- 
plantations of homogenous tissues except that the changes primarilv 
involve the polymorphonuclear leukocytes instead of the lymphoevtes. 
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With both kinds of successive transplantations the maximum average 
increase in leukocytes was less after the second than after the first 
transplantation, but this maximum reaction was reached at an earlier 
time. The reactions were not noticeably affected by a preceding implan- 


Table 11. — Changes in Counts of Lymphocytes Following Successive 

Homotransplantations 





Average 



Range of 




Maximum 


Range of 

Variation 




Percental 

Average 

Variation 

in 




Increase of 

Day of 

in 

Day of 

Animal 

Experi- 

Tissue 

Lympho- 

Maximum 

Percental 

Maximum 

Species 

ments* 

Transplanted 

cytes 

Increase 

Increase 

Increase 


1. Intenml of Ten Days Between First and 

Second Transplantation 


Guinea pig 

S control 

1 — paraffin 

4.8 

1.5 

0-5 

4-10 


experiments 

2— thyroid 

16.4 

C.O 

8-27 

4-8 


9 

1— thyroid 

21.0 

7.3 

13-28 

0-8 



2— thyroid 

18.7 

3.0 

11-29 

2-4 


S 

1— thyroid 

17.0 

7.9 

10-29 

8-10 



2 — liver 

14.3 

4.0 

9-25 

2-4 


c 

1 — liver 

14.3 

7.3 

10-20 

4-10 



2 — Oliver 

13.7 

4.0 

11-25 

2-4 


G 

1 — liver 

12.7 

6.3 

10-16 

5-7 



2— thyroid 

11.3 

4.0 

8-19 

2-4 


4 

1— kidney 

11.5 

0.5 

10-15 

5-7 



2— thyroid 

10.5 

4.5 

7-15 

3-7 


4 

1— kidney 

14.5 

8.5 

11-18 

7-10 



2— kidney 

10.0 

4.0 

8-12 

2-4 


4 

1 — liver 

14.0 

7.5 

12-17 

3-10 



2— kidney 

11.5 

5.0 

8-17 

2-10 


2 

1— thyroid 

17.5 

6.0 

14-21 

Both 6 



2— kidney 

14.5 

4.0 

14-15 

Botlr4 

Rat 

4 control 

1— paraffin 

4.5 

2.5 

3-5 

2-4 


experiments 

2— tliyroid 

17.5 

0.0 

11-19 

4-S 


1 

1— thyroid 

18.0 

8.0 





2— thyroid 

11.0 

4.0 




2 

1— thyroid 

13.5 

6.0 

13-14 

Both 6 



2— liver 

11.0 

4.0 

9-13 

Both 4 

2. 

Interval of Twenty-One Days Between First 

and Second 

Transplantation 

Guinea pig 

8 control 

1— paraffin 

4.0 

7.5 

3-6 

1-16 


experiments 

2— thyroid 

11.0 

6.9 

2-21t 

5-S 


8 

1 — thyroid 

14.3 

7.3 

11-18 

5-8 



2— thyroid 

11.5t 

3.0 

8-15 

2-4 


4 control 

1 — paraffin 

4.3 

8.3 

3-6 

1-12 


experiments 

2— thyroid 

15.5 

6.5 

11-22 

;>-8 


4 

1— thyroid 

17.0 

8.0 

11-17 

6-9 



2— thyroid 

12.3 

4.0 

9-15 

2-5 


* The total number of experiments in group 1 Tvas 5S; that in group 2 was 24. 

+ One animal failed to react to the thyroid transplant. 

t One animal showed a greater increase after the second transplantation than after uic 
first, but this increase appeared as early as on the second day after the second transplantation 
as compared with the maximum increase on the eighth day after the first transplantation. 


tation of an inert foreign substance, such as paraffin. In addition 
to the differential counts, a number of total counts were also made in 
this series; these are shown in table 13. The total counts closely 
paralleled the differential counts. 

Not only is the increase in pol)'morphonuclear leukocytes accelerated 
in the case of a second heterotransplantation, but the later phase of the 
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reaction which talces place after heterotransplantation, consisting of an 
increase in lymphocytes, is also accelerated. Instead of occurring 
between the tenth and fourteenth days it usually takes place between 


Table 12.— Chmgcs in Differential Counts of Polymorphonuclear Leukocytes 
Following Successive Transplantations of Heterogenous Tissues 





Average 



Range of 




Maximum 


Range of 

Variation 




.Percental 

Average 

Variation 

in 




Increase of 

Day of 

in 

Day of 

Animal 

Expori- 

Tissue 

Folymorplio- 

Mn.vimiiin 

Percental 

Maximum 

Species 

ments* 

Transplanted 

nuclcars 

Increase 

Increase 

Increase 

Rat to 

4 control 

1— parniDn 

(Typical reaction to an inert substance) 

guinea pig 

experiments 

2— thyroid 

20.5 

5.3 

12-30 

4-6 


7 

l~tbyroid 

25.2 

5.8 

12-29 

4-10 



2^thyvoid 

13.4 

3.0 

9-34 

2-4 


1 

1 — thsToid 

21.0 

C.O 





2— kidney 

12.0 

4.0 




6 

1 — cartilage 

14.S 

5.3 

11-23 

4-S 



2— thyroid 

lO.Ot 

3.3 

7-16 

2-4 


1 

1— thyroid 

18.0 

6.0 





2 — liver 

13.0 

4.0 



Guinea pig 

2 

1— thyroid 

12.5 

C.O 

12-13 

Both 6 

to rat 


2— liver 

8.5 

4.0 

5-12 

Both 4 


1 

1— thyroid 

19.0 

6.0 





2— thyroid 

12.0 

4.0 




1 

1 — thyroid 

10.0 

C.O 





2— kidney 

5.0 

2.0 




* Tho total number of experiments was 23. 

f In three case.s an Increase In tho relative number of polymorphonuclear leulcocytes of less 
than 10 per cent followed the second transplanation. 


Table 13 . — Changes in Total Counts of Leukocytes Folloiving Successive 
Transplantations of Heterogenous Tissues 





Average 



Range of 




Maximum 


Range of 

Variation 




Increase of 

Average 

Variation 

in 




Leukocytes 

Day of 

in 

Day of 

Animal 

Experi- 

Tissue 

per 

Maximum 

Maximum 

Maximum 

Species 

ments* 

Transpianted 

Cfu. Mm. 

Increase 

Increase 

Increase 

Rat to 

2 

1— thyroid 

1,950 

6.0 

1,550-2,350 

Both 6 

guinea pig 


2— thyroid 

1,100 

4.5 

900-1,300 

4-5 


1 

1— thyroid 

2,200 

5.0 





2— kidney 

1,450 

4.0 




1 

1— thyroid 

1,7.50 

C.O 





2— liver 

900 

4.0 



Guinea pig 

2 

1— tliyroid 

2,S50 

5.5 

2,000-2,700 

5-6 

to rat 


2— liver 

1,200 

3.5 

900-1,300 

3-4 


1 

1 — thyroid 

1,900 

5.0 





2— thyroid 

930 

4.0 




1 

1 — thyroid 

1,750 

C.O 





2 — kidney 

1,200 

2.0 




* The total number of experiments was 8. 


the seventh and tenth days. In all my experiments the second hetero- 
transplantation was carried out ten days after the first grafting, at a 
time, therefore, when the increase in lymphocytes caused by the pri- 
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mary graft should have been just beginning. But this increase in lym- 
phocytes caused by the primary graft was never actually observed, 
being apparently obliterated by the increase in polymorphonuclear leu- 
kocytes caused by the second transplant. The lymphocytic reaction 
which appeared under these conditions was approximately of the same 
magnitude as the corresponding reaction to a single heterotransplanta- 
tion. 

EFFECT OF INJECTIONS OF TRYPAN BLUE ON THE CHANGES 
IN LEUKOCYTE COUNTS FOLLOWING HOMOTRANSPLAN- 
TATION AND HETEROTRANSPLANTATION 

Trypan blue was injected over different periods, two, four and six 
days, respectively, preceding homotransplantation as well as hetero- 
transplantation and again at intervals of two and four days immediately 
after transplantation, as well as at weekly intervals Thereafter. Differ- 
ential counts were made during the period of the preliminary injections, 
as well as every other day for a period of twenty days after transplanta- 
tion. Guinea pigs served as hosts. They were divided into two groups 
of 6 animals each. The first was given injections of a 0.5 per cent 
solution of trypan blue in 0.5 cc. amounts ; the second group, the same 
solution in 1 cc. amounts. Three animals in each group received homo- 
transplants of thyroid gland. Three received heterotransplants of rat 
thyroid. 

The preliminary injections of trypan blue as such in either dosage 
for periods of two, four or six days did not markedly increase the 
percentage of lymphocytes or of polymorphonuclear leukocytes. In 3 
guinea pigs the lymphocytes increased slightly above 5 per cent. One 
showed an increase of as much as 8 per cent on one occasion. Generally, 
however, the results observed were similar to those previously described 
in normal controls, in which slight percentage deviations in a positive 
as well as in a negative direction occurred. 

As a result of the transplantation, the lymphocytes rose generally 
to about 5 per cent, an effect which could be attributed to the operative 
interferences, and it was identical with that observed after autotrans- 
plantation or the implantation of inert substances. In two other experi- 
ments variations in leukocyte counts similar to those occurring in normal 
controls were seen. The changes characteristic of homotransplantation 
and heterotransplantation were prevented by the injections of trypan 
blue. 

There were, however, three exceptions to these results, and all of 
these occurred in the animals receiving the smaller doses of trypan blue ; 
2 of these guinea pigs had received homografts, while the third one was 
the host of a heterotransplant. Moreover, 2 of these 3 animals had 
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been given injections of trypan blue only during a two day period ; the 
third one had been given injections during a four day period preceding 
transplantation. These animals showed the usual reactions character- 
istic of transplantation of homogenous or heterogenous tissue, although 
in all of them the maximum increase in the number of leukocytes 
occurred rather late, namely, on the ninth day following the homo- 
transplantations, and on the eighth day in the animal which had received 
a heterotransplant, an indication that even in these cases the reaction had 
been somewhat weakened. 

When the transplants were removed from the host animals at 
autopsy, it was observed that the majority of them were surrounded 
by a blue peripheral ring, ^^d^ether the deposit of the dye in the periphery 
of the ti’ansplant prevented the diffusion of the organismal differential 
into the host, or whether the trypan blue prevented the reaction on the 
part of the leukocytes through a blockade of the reticuloendothelial 
system must be left undecided for the present. 

EFFECT OF HEAT ON ORGANISMAL DIFFERENTIALS 

In earlier investigations on tumoi'S (Loeb-') and on amebocytes 
(Loeb and Drake it was shown that by exposure of tissues or cells 
to graded degrees of heat it was possible to induce a reduction of 
abnormalities in vital processes without causing actual death in the 
exposed cells and that under these conditions recovery of the impaired 
tissues might take place. Siebert exposed pieces of normal tissues 
in vitro to higher temperatures before transplantation. Heating homog- 
enous thyroid and cartilage at temperatures varying between 43 and 
51 C. for thirty minutes caused a marked diminution in the strength of 
the lymphocytic reaction toward the homogenous graft, but it caused 
only a slight reduction in the reaction of the polymorphonuclear leuko- 
cytes and lymphocytes toward heterotransplants. 

I studied the effect of heating tissues in vitro preceding transplanta- 
tion on the subsequent action which homotransplants and heterotrans- 
plants exerted on the number and on the kind? of leukocytes in the 
circulating blood. 

Various tissues were excised and subjected outside the body to different degrees 
of heat. After the tissue was removed from the animal, it was immersed in a 
sterile solution of 0.9 per cent sodium chloride which filled part of a test tube. 
The latter, containing the piece of tissue, was then placed for one-half hour in a 
water bath, previously adjusted to the desired temperature, which was kept 
constant. At the end of the period of heating, the tissue was removed from the 
test tube and either homotransplanted or heterotransplanted. Differential counts 
were made in the usual manner. 


22a. Loeb, L., and Drake, D. ; J. M. Research 44:447, 1924. 
23. Siebert, W. J. : Arch. Path. 12:590, 1913. 
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Altogether, 69 experiments of this kind were carried out with homotrans- 
planted and heterotransplanted tissues (table 14). The reactions were classified 
as typical if both the magnitude and the time of the maximum increase were within 
the limits established for the transplanted normal tissues. If the magnitude of the 
increase was about the same but the time of appearance later than normal, 
the reaction was designated as delayed. If the time of appearance was late but the 
maximum increase was only from 5 to 10 per cent, the reaction was termed weak, 
whereas if the increase was 5 per cent or less, the reaction was considered 
negative. 

Effect on the Individuality Differential. — As can be seen from table 
14, thyroid heated at 45 or 50 C. and then homotransplanted calls forth 
a normal or about normal reaction. There were 18 typical reactions, 2 
were delayed, and in only a single experiment, that of homotransplanta- 
tion of thyroid of the rat, did the guinea pig fail to show a reaction. 
Homotransplaiits of pigeon skin pretdously exposed to these two tem- 
peratures gave 5 typical reactions and 4 weak ones. However, the fact 
may be recalled that even normal, nonheated skin gives only a weak 
reaction after homotransplantation. These experiments suggest that 
heating at 45 or 50 C. may enhance the reaction elicited by skin to some 
extent, since the number of typical reactions observed under these con- 
ditions was greater than that following homotransplantation of the 
normal tissue. But further experiments will be necessary to make such 
a conclusion definite. 

After being heated at 52 C., thyroid of the rat when homotrans- 
planted called forth a typical reaction. Pigeon thyroid heated at 54 C. 
previous to homotransplaiitation induced typical reactions in 3 experi- 
ments, a weak reaction in 1 and no reaction in 2. Pigeon skin and thyroid 
and rat thyroid heated at 56 C. were inactive. The critical temperature in 
the case of homografted thyroid in pigeon seems thus to be approximately 
54 C. Rat thyroid was n'ot exposed to a temperature of 54 C., but since 
this tissue after being heated at 52 C. called forth normal reactions, 
whereas tissue previously heated at 56 C. failed to do so, it is probable 
that the critical temperatures for pigeon and rat thyroids are similar 
and that these tissues are inactivated at about 54 C. or at a slightly 
higher temperature. 

Heating at 56 C. destroyed the action of guinea pig thyroid. How- 
ever, guinea pig kidney heated at 56 C. for one-half hour and subse- 
quently homotransplanted gave positive reactions in 2 of 4 cases ; in 1 
case the reaction was weak and in the fourth it was negative. These 
results indicate that in kidne}'- tissue the homodiiferential ma}'' be some- 
what better protected against the injurious action of heat than in thyroid 
tissue. 

In 8 experiments honiotransplantation of pigeon thyroid was pre- 
ceded by successive freezing and thawing. The thyroid gland was 
removed from a donor animal and immersed in sterile 0.9 per cent sodium 
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chloride solution in a test tube which was kept in an ice and salt mixture 
at 0 C. for one-half hour. The test tube containing the tissue was then 
kept at room temperature likewise for thirty minutes, when thawing 
took place. This process was repeated three times. Following the last 
thawing the tissue was homotransplanted. As can be seen in table 14, 
in 5 cases typical reactions were elicited, in 2 cases the reactions were 
delayed, and in 1 instance the reaction was weak. No negative reactions 
were observed. It thus appears that repeated freezing and thawing did 
not destroy the individuality differential but injured it to a slight extent. 

Effect on the Species Differential . — Similar experiments were carried 
out with heterogenous tissues, but the latter were exposed to somewhat 
higher temperatures than homogenous tissues. Rat thyroid heated at 
56 C. for one-half hour failed to give a reaction. The same negative 
result was obtained when guinea pig thyroid previously heated at 56 C. 
was transplanted to the rat. On the other hand, both kidney and cartilage, 
after having been heated at the same temperature, elicited the typical 
heteroreactions. Transplantation from rat to guinea pig of kidney pre- 
viously heated at 60 C. for one-half hour gave 1 positive and 3 negative 
reactions, whereas in the reciprocal experiments no positive reactions 
were obtained. But with cartilage heated at 60 C. 50 per cent positive 
and 50 per cent negative reactions were noted; this, therefore, seems 
to be close to the critical temperature for this tissue, since after being 
heated at 65 C. cartilage failed to elicit a response. 

From these experiments it may be concluded that the organismal 
differentials are destroyed at temperatures ranging approximately 
between 54 and 60 C., and furthermore, that the organismal differentials 
• in denser tissues, such as cartilage, are somewhat more resistant to the 
injurious effect of heat than those in softer tissues, such as thyroid. 
Kidney stands midway between these two kinds of tissues as far as 
both density of structure and resistance to the injurious effects of 
heating are concerned. It needs still to be determined whether extrac- 
tion of the organismal differentials occurs in these experiments and 
complicates their interpretation. 

EFFECT OF TREATMENT OF TISSUES WITH CHEMICAL SUB- 
STANCES ON THE ORGANISMAL DIFFERENTIALS 

In addition to studying the effect of heat on the organismal differ- 
entials I have begun an investigation of the action of various chemical 
substances on the homodifferential. So far it may be stated that solu- 
tions of 0.9 per cent sodium chloride in distilled water to which a few 
small crystals of thymol have been added in order to prevent the growth 
of bacteria seem to be relatively innocuous ; but the large majority of 
the substances used proved very injurious, especially those which tended 
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to denature proteins, for such substances abolished the reactions to 
homodifferentials in the periphei'al blood. 


EFFECT OF PARENTERAL ADMINISTRATION OF PROTEINS, CARBOHY- 
DRATES AND LIPOIDS ON THE DISTRIBUTION OF LEUKO- 
CYTES IN PERIPHERAL BLOOD 

As controls for the effects exerted by the different kinds of tissue 
transplants on the numbers of leukocytes circulating in the peripheral 
blood, a series of experiments was carried out in which different proteins, 


Table 14. — Effects of Heat on Organismal Differentials 




Temper- 

Reaction 


Animal 


aturc, 

A 


~~~v 

Species 

Tissue 

C. 

Typical Delayed 

Weak 

Negative 


1. Effect of Heat on the Individuality Difl'erential * 



Pigeon 

Thyroid 

0 

5 2 

1 


Pigeon 

Thyroid 

45 

6 



Pigeon 

Skin 

45 

8 

2 


Rat 

Thyroid 

45 

3 1 

. . 


Pigeon 

Thyroid 

50 

4 1 



Pigeon 

Skin 

50 

2 

2 


Hat 

Thyroid 

50 

. 5 

, . 

1 

Rat 

Thyroid 

52 

4 


•• 

Pigeon 

Tiiyroid 

54 

3 

1 

2 

Pigeon 

Thyroid 

50 


, . 

i 

Pigeon 

Skin 

5G 

.. 


4 

Bat 

Thyroid 

56 

. . . ♦ 

. » 

0 

Guinea pig 

Thyroid 

50 

* • • » 

, , 

3 

Guinea pig 

Kidney 

50 

2 

1 

1 


2. Effect of Heat on the Species Differential t 



Eat to guinea pig 

Cartilage 

56 

6 


.. 


Thyroid 

50 

. • ♦ » 


3 

Guinea pig to rat 

Kidney 

50 

6 

, . 



Cartilage 

SO 

4 

. . 



Thyroid 

58 



4 

Rat to guinea pig 

Kidney 

GO 

1 

. , 

S 


Cartilage 

GO 

■ 2 

2 

.• 


Thyroid 

60 

t . 


2 

Guinea pig to rat 

Kidney 

00 

.. 

. . • 

4 


Cartilage 

60 

2 


2 


Thyroid 

00 

. . 


4 


Cartilage 

65 

•• 


G 


* The totnl number of esperiments was 69. 
t Tbe total number of experiments was 51. 


carbohydrates and fatty substances were parenterally administered to 
guinea pigs and rats (table 15). These substances, whenever feasible, 
were implanted in a solid or semisolid state in order to reproduce as 
much as possible the mode of procedure used in the preceding experi- 
ments. In other cases liquid substances were injected. A plus in 
the table represents a positive reaction, which consisted in an increase 
in lymphocytes exceeding 12 per cent, -occurring generally between the 
second and fourth days after the initial administration of the substance. 
This was the only positive response to the administration of certain of 
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these substances which took place, as will be discussed later. It corre- 
sponds to the reaction which is characteristic of homogenous tissues, 
as well as of homogenous blood and plasma clots, as far as the nature and 
magnitude of the reaction are concerned; as for the time at which the 
maximum of the increase in lymphocytes was reached, the reaction 
corresponds to that following homotransplantation of blood and plasma 
clots and brain, substances which are relatively soft, but not to that 
following homotransplantation of the large majority of tissues. How- 
ever, the reaction differs in other important respects from that elicited 
by homogenous tissues. 

Only the proteins were observed to induce this type of reaction. 
Gelatin implanted in the form of flakes had this effect. On the other 
hand, in the case of a single injection of a readily absorbable protein, 
such as fresh egg albumin, the I'eaction did not follow, owing, no doubt, 
to the great rapidity with which this substance is eliminated. When, 
however, egg albumin was injected on three successive days, the protein 
was retained sufficiently long to call forth the typical response on the 
part of the lymphocytes. 

It is of special interest that neither partial denaturation of the 
albumin, caused by an addition of thymol crystals, nor complete denatura- 
tion, produced by an exposure to the temperature of boiling water, was 
followed by a loss of the ability of the protein to induce this reaction. 

Casein, which is of animal origin, and edestin, a plant derivative, 
acted similarly to egg albumin. 

These findings suggested tests with heterogenous blood serum. For 
this purpose use was made of rabbit serum, which was injected sub- 
cutaneously into rats or, after concentration, was implanted subcu- 
taneously. Rabbit serum likewise did not induce a heterogenous reaction 
but a reaction similar to that seen after transplantation of homogenous 
tissues. There was a maximum increase in the number of lymphocytes, 
ranging from 15 to 25 per cent in the different experiments; the time 
of maximum reaction varied between the second and the fifth day. It 
may therefore be concluded that a mixture of rabbit serum albumin 
and globulin behaves in the same way as egg albumin and that it differs 
markedly in its effects from plasma clot, rvhich acts like normal tissues. 
This difference in behavior between plasma clots and the corresponding 
blood serum is presumably due to the presence of fibrinogen in the former 
substance. 

Of interest also is the fact that pieces of mouse embryo that had 
developed to a length of approximately 15 mm. did not, after trans- 
plantation in the rat elicit a heterogenous but a lymphocytic reaction 
characteristic of homogenous tissues ; it is probable that the organismal 
differentials are not yet fully developed in these embryonal cells". 
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In addition to the differential counts of leukocytes, total counts were 
made on the peripheral blood of guinea pigs into which casein and 
edestin had been implanted. There was not only a relative increase in 
the number of lymphocytes but there was also an absolute increase com- 
parable to the increase found in the differential counts following the 
administration of these substances. The absolute increase calculated 
from these data was also similar to that observed following horaotrans- 
plantation, since in the 6 guinea pigs observed, 3 of which received casein 
and 3 edestin, this increase ranged between 58 and 81 per cent and 
averaged 69 per cent. 


Table 15 . — Effect oj Parenteral Administration of Proteins, Carbohydrates and 
Lipoids on the Distribution of Leukocytes in- the Peripheral Blood 


Animal 

Substances Species 

Gelatin Guinea pig 

Fresh egg albumin Guinea pig 

Fresh egg albumin Guinea pig 

Fresh egg albumin and thymol.. . Guinea pig 

Casein Guinea pig 

Edestin Guinea pig 

Fresh egg albumin Rat 

Fresh egg albumin Rat 

Fresh egg albumin and thymol.. . Rat 

Heat coagulated albumin Rat 

Casein Rat 

Edestin Rat 

Sodium oleate Rat 

Sodium stearate Rat 

Glycogen Rat 

Saccharose Rat 

Starch Rat 

Lecithin '. Rat 

Olive oil Rat 

Normal rabbit serum Rat 

Concentrated rabbit senim Rat 

Mouse embryo Rat 


Method of 
Administration 

Experi- 

ments 

Reaction 

Implanted flakes 

4. 

*1* 

Single injection 

10 


3 sueeessive injections 

i 

+ 

Single injection 

6 

4* 

Implant paste 

3 

4* 

Implant paste 

3 

4- 

Single injection 

i 

— 

3 successive injections 

3 

4- 

Single injection 

i 

4- 

Implant 

4 

4* 

Implant paste 

4 

4- 

Implant paste 

4 

4 

Implant , 

4 

— 

3 successive injections 

4 

— 

3 successive injections 

4 

— 

3 successive injections 

4 

— 

Implant paste 

4 

— 

Implant 

4 

— 

3 successive injections 

4 

— 

3 successive injections 

4 

4 

Implant 

4 

4 

Implant 

4 

4 


All Other substances used, carbohydrates as well as fatty substances, 
failed to induce a specific reaction; the}'^ induced merely the change 
characteristic of the operative procedures. 

While the effect exerted by proteins on the number and kinds of 
leukocytes in the circulating blood is apparently the same as that elicited 
by homogenous tissue transplants, it differs from the latter in two 
important respects: (1) it is not prevented by exposure to a degree of 
heat which would completely destroy the action of all tissue, and (2) 
it is produced by material of heterogenous origin. It is therefore probable 
that one has to deal with a nonspecific or rather with a less specific 
reaction, characteristic of various proteins, which under the conditions 
in which the}’’ were administered in our experiments elicited only a 
mild disturbance in the organism, while in the majority of experiments 
of earlier investigators the strange proteins were injected intravenously 
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and under these conditions induced acute changes, becoming noticeable 
usually in the course of the first day after the injection. Schittenhehn 
and his collaborators and Wallbach observed, immediately following 
a single injection of such a substance, leukopenia, which in some of 
Wallbach’s experiments lasted for only a few minutes; this was fol- 
lowed by leukocytosis, which had a duration of about six hours, after 
which the count returned to normal. A subsequent injection of the 
same material produced an anaphylactic reaction in the animal and, in 
addition, prolonged both phases, the leukopenia as well as the leukocy- 
tosis ; under this condition the leukocytosis could be extended over a 
period of four to six days. Wallbach was able to produce such reactions 
with whole serum, but he observed that various fractions of the serum 
containing isolated proteins, such as albumin and globulin, were ineffec- 
tive. The injection of bacteria was also followed by a first phase of 
leukopenia and a second phase of leukocytosis ; Wallbach interpreted the 
prolongation of the leukopenic reaction as indicative of a lack of develop- 
ment of an active immunity to the injected micro-organisms. 

On the other hand, Wiseman reported experiments in which 
embryonic chick extract, egg albumin or normal horse serum was 
repeatedly injected into animals either subcutaneously or intravenously. 
He found an increase in the total number of lymphocytes in the 
peripheral blood, varying from 23 to 139 per cent, which was noticeable 
from the seventh to the ninth day, in contrast to the reaction described 
by the aforementioned investigators, in which the leukocytes appeared 
on the first day. Furthermore, Wiseman’s article contains no record 
of an abrupt rise in the animal’s temperature accompanying the changes 
in the peripheral blood such as was noticed in the experiments of the 
other investigators. 

It appears, therefore, that the changes which I have recorded are 
somewhat comparable to those observed by Wiseman but are different 
from those reported by Schittenhelm and Weichardt and also b}’' Wall- 
bach. The reactions which the latter workers observed were of a very 
acute nature, caused by intravenous injection of foreign proteins, a pro- 
cedure which in a number of instances led to the death of the animal. 
The reactions of Wiseman and those which I have reported here, on the 
other hand, are of a milder character and due to a less active though 
long-lasting stimulation of the hemopoietic tissues. 

24. Schittenhelm, A.; Weichardt, W., and Grisshamer, W. : Ztschr. f. exper 
Path. u. Therap. 10:412, 19'12. Schittenhelm, A., and Strobel, H. ; ibid. 11:102 
and 108, 1912. Schittenhelm, A., and Weichardt, W. : ibid. 14:609, 1912. 

25. Wallbach, G.: Ztschr. f. d. ges. exper. Med. 82:22, 1932; Folia haemat 58* 

393, 1937. ■ ■ 

26. Wiseman, B. K. : J. Exper. Med. 53:599, 1931. 
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COMMENT 

In the various chapters of the preceding report I have already dis- 
cussed the principal results of these investigations. I shall now discuss 
the main conclusion which can be drawn .from the experiments, and I 
shall try to correlate the data Avith those previously obtained by Loeb 
and his collaborators “ in their study of the effects of organismal differ- 
entials on the local reaction in and around grafts. 

The evidence presented in this paper proves that a generalized 
reaction characterized by both an absolute and a relative increase in 
lymphocytes in the peripheral blood follows homotransplantation and 
syngenesiotransplantation and that a corresponding increase in poly- 
morphonuclear leukocytes follows heterotransplantation. These changes 
take place in addition to the localized changes in and around the trans- 
plant. Furthermore, in its main outlines the leukocyte response closely 
parallels the types of changes taking place locally. Thus, following 
homotransplantation and syngenesioti-ansplantation it is the lymphocytes 
which collect around the graft and then invade it, Avhereas the cellular 
changes about heterotransplanted tissue in the early stages consist largely 
in an accumulation of polymorphonuclear leukocytes. 

Moreover, the two reactions, the general and the local one, coincide 
as far as time factors are concerned. Thus after homotransplantation of 
thyroid the lymphocytes begin the invasion of the transplant by the 
sixth or the seventh day, the approximate time at which the maximum 
increase in lymphocytes is observed in the peripheral blood. After 
heterotransplantation the changes described by Loeb-’' are of a more 
acute nature, leading to rapid destruction of tissue and involving, in the 
early stages, the polymorphonuclear cells rather than the lymphocytes. 
Correspondingly, here also the blood changes indicate a more acute 
reaction ; the polymorphonuclear leukocytes are primarily increased, and 
they appear at an even earlier date than do the lymphocytes in the case 
of syngenesiotransplantation and homotransplantation, the maximum 
increase being reached on the fourth or the fifth day in the case of thyroid 
heterografts as compared with the maximum increase on the sixth or the 
seventh day following homotransplantation of the same kind of tissue. 

The degree of increase of the leukocytes is also greater following 
heterografting than after homografting. In the case of thyi'oid there is 
more than 100 per cent increase following heterotransplantation, Avhereas 
there is only an approximate increase, varying between 50 and 75 per 
cent, follownig horaotransplantation. 

There is an additional similarit}'- between the character of the local 
and that of the blood reaction. Loeb-’" showed that in the case of 
heterotransplantation a secondary invasion of lymphocytes occurs follow- 
ing the primary action of the polymorphonuclear leukocytes. In my 
experiments similar changes haA’^e been observed in the peripheral blood 
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reaction. The increase in polymorphonuclear cells is succeeded by a 
return to normal conditions, reached usually by the tenth day. But soon 
afterward there occurs an increase in lymphocytes, both absolute and 
relative, which reaches a maximum between the fourteenth and the six- 
teenth day, after which the count once more returns to normal. 

The wide range in the intensity of the local reaction following 
syngenesiotransplantation, in which the changes may closely approach 
those following homotransplantation, on the one hand, and autotransplan- 
tation, on the other, is very similar to that seen in the blood cell reaction. 
Here in some cases of syngenesiotransplantation there occurs an early 
increase in the number of lymphocytes closely resembling a typical 
homoreaction, whereas in an instance representing the other extreme the 
maximum increase was not reached until the nineteenth day. On the 
average, both local and general syngenesioreactions are of a milder 
nature than homoreactions ; a greater length of lime is required until 
the threshold of effective stimulation is reached, and a longer period is 
necessary before the height of the i-eaction is attained. 

Since the general reactions so closely parallel the local responses 
described by Loeb, it seems logical to assume that the mechanism involved 
is the same in both instances. One may therefore conclude that the 
transplants give off substances which correspond to the organismal differ- 
entials of the graft and that these substances diffuse not only into the 
area surrounding the transplant but also into the general circulation, 
where they exert a typical effect on the white blood cells, presumably 
by the intermediation of the various hemopoietic organs. In accordance 
with the relationship between the organismal differentials of host and 
transplant, these substances act as autogenous substances or as syn- 
genesiotoxins, honiotoxins and heterotoxins and thus produce their 
chai'acteristic effect on the host cells. 

SUMMARY 

Following transplantation of various tissues, changes occurred in the 
absolute and relative numbers of the various types of leukocytes cir- 
culating in the blood which paralleled closely the reactions of leukocytes 
around the transplants. After homotransplantation this general response 
was characterized by an absolute and relative increase in lymphocytes; 
after syngenesiotransplantation the response was similar but, on the 
average, less intense and reached a maximum after a longer time. After 
heterotransplantation the primary reaction was of a different kind, being 
characterized by an early relative and absolute increase in polymorphonu- 
clear leukocytes ; but secondarily there occurred here, also, an increase 
in lymphocytes. By means of these reactions it could be shown that 
the lens of the eye possessed individuality and species differentials. 
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In experiments in which successive transplantations were carried 
out, a more rapid but less intense reaction followed the second trans- 
plantation, whether of homogenous or heterogenous tissue, than that 
which occurred after the primary grafting. The acceleration observed 
following the second grafting of tissues may have been due to the 
development of immune substances. If that interpretation should prove 
correct, it would not imply that the reactions elicited by a single trans- 
plant were also due to the formation of antibodies; on the contrary the 
very rapid onset of this reaction, even after the first transplantation, 
indicates that it was due to the diffusion of substances from the trans- 
planted tissue into the body fluids. It was possible to prevent the reaction 
on the part of the circulating leukocytes b}^ injecting trypan blue into 
the host animal preceding and following the transplantation of tissue. 
Under these circumstances this dye accumulated around the transplant; 
to determine whether it acted by obstructing diffusion of substances 
from the transplant into the host tissues or through blocking the reticulo- 
endothelial system needs further investigation. 

In addition a study was made of the effects of temperature and of 
various chemical substances on the individuality and species differentials 
which are contained in the transplants, using the reactions of the leuko- 
cytes in the circulating blood as indicators. It was shown that the 
organismal differentials were destroyed by heating at temperatures vary- 
ing approximately from 54 to 60 C, The exact temperature at which 
destruction took place was influenced by the density of the grafted 
tissue. Repeated freezing and thawing did not destroy the individuality 
differentials but may have caused slight injury in a few cases. 

Of the chemical substances tested, only distilled water and 0.9 
per cent sodium solution to which thymol had been added failed, as a 
rule, to destroy the individuality differentials. Isolated instances of non- 
destruction were observed with a few additional substances. All of the 
reagents and agencies employed which are known to cause changes in 
the constitution of proteins were found to be especially active in injuring 
the organismal differentials. 

Whereas transplanted blood clots and plasma clots were able to elicit 
homoreactions and heteroreactions in accordance with the relationship 
between transplant and host, as shown by the changes in the distribu- 
tion of the circulating leukocytes in the blood, injections of heterog- 
enous blood serum failed to induce the heteroreaction. Similarly a 
number of protein substances of diverse origin failed to elicit the typical 
heteroreaction ; instead, changes in the lymphocytes similar to those seen 
after homotransplantation occurred. Subjecting these substances to 
degrees of temperature which destro)'ed the organismal differentials of 
tissues did not, however, prevent these reactions. It is therefore probable 
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that in these cases the reactions were of a less specific nature than those 
induced by the organismal differentials. In contradistinction to protein 
substances, carbohydrates and lipoids did not in my experiments exert 
an effect on the number and distribution of the circulating leukocytes. 

CONCLUSIONS 

Transplanted pieces of tissues and organs give off substances which 
bear the organismal differentials and which not only diffuse into the areas 
of the host directly around the graft but, in addition, reach the general 
circulation ; thus they may he carried to distant places, presumably to 
the leukocyte-producing organs, and there exert an effect on the number 
and kind of leukocytes which circulate in the blood. These substances 
act, therefore, not unlike hormones; it is probable that they are of a 
protein nature. 



APPENDICITIS 

I, CHANGES IN THE MUSCULATURE OF THE APPENDIX IN 
CHRONIC APPENDICITIS 

JACQUES GOLDNER, M.D. 

NEW YORK 

This is the first article of a series dealing with the various clinico- 
anatomic forms of appendicitis. Others will appear later in the course of 
examination of the accumulated material, which is already considerable. 

The study of the musculature of the diseased appendix has been 
neglected. To state, as do the authors of some comparative^ recent 
reviews on the subject, that the muscular coats of the organ in chronic 
appendicitis are in certain instances thinned out and in others hyper- 
trophied, and that the muscle cells are concomitantly degenerated, is to 
take too superficial a view and one that is not based on study devoted 
specially to the muscle and that is without the advantage of varied 
microscopic technic and finer histologic interpretation. Moreover, as I 
shall demonstrate, the thickness of the muscular coats, which varies 
extremely from one case to another, is in no way a cardinal sign. The 
musculature of the chronically inflamed appendix offers a multitude of 
indications which of themselves and independent of changes in the fibrous 
submucous capsule, lymphoid structures or epithelium permit one to 
make a definite diagnosis in the majority of instances. 

While the aberrations in muscular structure to be reviewed here are 
characteristic of chronic appendicitis, they are not pathognomonic of it. 
One may meet with them in acute appendicitis, subacute appendicitis 
and all the subdivisions of these — even in normal appendixes. Never- 
theless, the aberrations in structure are encountered more frequently 
in chronic appendicitis than in any other condition, their intensity is 
more striking and their diversity and variability are more marked. Nor 
should one overlook the fact that aberrant muscle fibers indicate a lesion 
in the organ to a more marked degree than do the fibrous or epithelial 
changes. The correlation between the structure of the smooth muscle 
and the past clinical history is more intimate than is that between the 
other coats and the symptoms if one excepts the perivascular reactions 
and the histiocytes. 

The changes to be described are capable of furnishing an explanation 
of the genesis of the disease. Alterations in muscular conti'actions 

From the Department of Surgical Pathology, Cornell University Medical 
College, and New York Hospital. 
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should, of necessity, correspond with the crossed fibers one finds, with 
the oblique fibers that are rare in normal controls, with the thickenings 
that constitute true sphincters and with the changes in morphologic 
arrangement of the coats. Should a spasmodic contraction of a certain 
intensity and duration arise in one of the areas of tangled muscle fibers 
or in a pseudosphincter, an entire segment of the organ, controlled by 
this nodal point, might find itself strangulated ; micro-organisms would 
multiply, toxins be absorbed and cellulitis set up. This is, in short, 
verification of Dieulafoy’s theory of the “closed vessel,” not as regards 
the organ as a whole but rather as regards a segment thereof. That 
this is true is proved by the observation of certain appendixes in the 
series investigated which are unchanged in most of their length but 
show lesions in one segment. Another proof is afforded by the coexis- 
tence of muscular and epithelial, fibrous and lymphoid lesions. While 
muscular changes may exist independently, they are found to be most 
marked where lesions of the other coats are also most intense. 

The lesions of these muscles reveal, at least in part, a very special 
foi*m of histogenesis of smooth muscle. I have repeatedly confirmed 
this without, however, being able to find a pathogenic or a physiogenic 
explanation. A plausible interpretation, which cannot be applied in all 
cases, in which one demonstrates this histogenesis, is as follows : When 
one of the muscle coats becomes attenuated or fragmentary or fibrotic, 
the maintenance of function demands that new muscle fibers with the 
same orientation as those which have disappeared from the attenuated 
layer (usually the external longitudinal) should arise in its vicinity and 
reenforce it or become intercalated among those of the circular coat. It 
might be that some of these new-formed fibrils offset the abnormal 
contractions of the coat which has lost its function owing to a variety 
of lesions. Let me hasten to say that this is merely a hypothesis which 
cannot at the moment be verified. 

The new formation of smooth muscle fibers, Avherever situated, does 
not appear to be accomplished at the expense of preexistent musculature, 
as will be explained later. It seems rather to be the result of the 
stimulus of repeated, although abortive, attacks of appendicitis on the 
histiocytes, whether these are in the lymphoid or in the areolar tissue. 
This will be discussed at length. It is also important to decide whether 
these changes in the musculature are a result of such irritation or 
whether they are congenital. Only a statistical study could give a com- 
plete conception of the percentages of aberrant fibers in appendixes of 
all types and ages. However, aberrant fibers are exceptional in acute 
appendicitis, rare in the subacute form and frequently seen in chronic 
appendicitis. Were they already present from birth, one would expect 
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to find them in a finished, complete state in specimens showing appendi- 
citis, but this is not the case — ^they are obviously in the process of 
formation. 

The thesis of this work is that the newly formed muscle fibers, by 
reason of their arrangement and nature, cause rhythmic abnormal con- 
tractions of the organ that foster and prolong its pathologic symptoms. 
That they should be studied from this standpoint is the reason for the 
pi'esent contribution. 

MATERIAL AND METHODS 

This study is based on the examination of more than 100 appendixes removed 
in the department of surgery of the New York Hospital, of which about 60 
showed chronic appendicitis of the generally recognized types. These have been 
compared with sections from appendixes showing acute and subacute (in the 
sense of continued acute) appendicitis and with others from normal appendixes 
removed incidentally in the course of other operations. Each specimen was 
received in a fresh condition, immediately placed in a refrigerator and examined 
about two hours after operation. For this work the apex, the second section 
taken proximal to it and all but one longitudinal strip were assigned to me, the 
one distal transverse segment and the single longitudinal strip being used for the 
departmental routine examination. Often, rolled preparations of the entire organ 
were prepared, affording sections that represented its entire length. After fixa- 
tion the segments were sometimes cut into thinner slices and subjected to supple- 
mentary fixation. 

The following fluids were used for fixation : a formaldehyde-alcohol solution 
(either 10 parts of solution of formaldehyde U. S. P. to 90 parts of 95 per cent 
alcohol or Schaffer’s formula of 2 parts of from 80 to 95 per cent alcohol to 1 
part of solution of formaldehyde U. S. P.) ; Bouin’s solution prepared with tri- 
chloroacetic acid ; Heidenhain’s Susa fluid (mercury bichloride, saline solution, 
solution of formaldehyde and trichloroacetic and acetic acids), and Bouin-Susa 
fluid, which is the last-mentioned fixative saturated with trinitrophenol. Orth’s, Zen- 
ker’s, Helly’s and Stieve’s fluids were also used. The staining method of choice 
was my modification of the Masson trichrome light green technic. i'' 


ALTERATIONS OF THE MUSCULATURE 

The changes in the morphologic pattern of the muscular coats after 
repeated attacks of appendicitis ai'e, of necessity, a response to inflam- 
mation. For this reason a large variety of pictures may be seen. While 
it might seem futile to attempt to describe these, a number of definite 
types of fiber groupings may be recognized and should be put on record 
for future reference. 

Whorls . — The most frequently encountered form of whorl is char- 
acterized by fibers running in different directions in the same bundle. 
Some of these have the orientation one might expect in a given location, 
while others run obliquely or even spirally (fig. 1). Such whorls may 
abut on normal fascicles, but they are separated from their surroundings 

1. (a) Romeis, B. : Taschenbuch der mikroskopischen Technik, Munich, R- 
Oldenbourg, 1932. (b) Goldner, J. : Am. J. Path. 14:237, 1938. 
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b}' reticular or collagenous fibers. Often the)' are isolated by enveloping 
muscle fibers that course in a direction opposite to that proper to the 
fascicle. Originating in the interior of the whorl, they leave it in the 
form of wicklike bundles that proceed more or less to encapsulate it. 
They may join with similar bundles from other whorls to enmesh 
groups of whorls or to form a median, rather incomplete layer between 
two muscle coats (figs. 1 and 2). Their course after leaving the whorl 
may be devious. 

These whorls may be grouped into masses (fig. 3), which may 
replace an entire region in one of the muscle coats, most often the 



Fig. 1. — Chronic sclerotic appendicitis ab initio; transverse section. Note 
whorls, the coexistence of fibers running in different directions and enveloping 
fibers. 


external, or may become intercalated between the two coats, forming a 
supplementary, or middle, coat. By their presence they recast the 
appearance of entire regions, whatever may be the histiologic makeup, 
and distort the normal topography. 

Aberrmt Fibers.— (a) Mixed Fascicles: These are usually situated 
in the external coat. Their dimensions are slender, and they are char- 
acterized by the coexistence within them of longitudinal and transverse 
fibers. Oblique and spiral forms are wanting. They do not appear to 
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produce penetrating fibers that leave the bundle to connect it with a layer 
running in the opposite direction. They rarely show enveloping fibers, 
which like the penetrating fibers are characteristic of the whorls. The 
mixed fascicle may be separated from similar bundles by connective 
tissue and tends to lie out of alinement, forced into a blind corner by 
neighboring nerve plexuses, vessels and the like. Everything indicates 
that it has an autonomous function. 

(&) Mixed Fascicles with Interlacing Fibers: They are rarely seen. 
They occur only in the circular coat and may be so extensive as to 
occupy two low power fields. Their chief feature is their intricate weave. 



Fig. 2. — Chronic hyperplastic appendicitis ah initio ; transverse section. There 
is a supernumerary middle lay^er between the external and the internal coat, 
formed by transversely running fascicles and surrounded more or less com- 
pletely by circular or spiral fibers. The circular fibers trail off into narrow and 
isolated fascicles. 

There are areas where fibers of one direction predominate over those 
running in another, in spite of their interlacing topography. 

(c) Mixed Fascicles in Isolated Groups : These are characterized by 
their form, isolation and deeper staining affinities. They are usually 
situated in the circular coat and are most readily found in longitudinal 
sections. They are ovoid, and most of the fibers composing them run 
in the direction of the coat in which they lie. They tend to be coarser, 
to stain more deeply and to show a larger number of nuclei (fig. 4). 
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{d) Crosses: I have mentioned the “penetrating fibers” that leave 
the whorls to encase them or to mingle with similar fibers from other 
whorls; frequently they cross these, forming maltese crosses with a 
narrow point of intersection and flaring arms. The fibers may cross at 
an angle at the point of intersection or may present merely two loops 
that approach each other closely, with or without exchange of fibrils, to 
form a Spencerian letter X (fig. 3). 



Fig. 3. — Chronic ulcerative appendicitis; transverse section. A group of 
whorls may be seen. At the left, near the fat cells, arc libers penetrating into the 
fascicles of transverse fibers (external coat). Near the middle are three packets 
of transverse fibers enveloped by longitudinal fibers. Near the right are inter- 
secting longltundinal fibers. 

(c) Matted Fibers or “Herring Bones”: These show fibers that 
intersect one another at acute angles and are more or less curved or 
even curled. The spaces left in this tangle are occupied by ganglion cells 
nerves, capillaries and other structures; more important, there may be 
bundles of muscle fibers in them which run in curt^es. 
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(/) Bridge Fibers : These may be composed of a single fiber or of 
several, and broader or coarser ones may serve to join two muscle layers 
or portions thereof. They exist in large variety and have been noted 
arising from the subserosa, possibly reenforcing gaps in the external 
coat, but running counter to it. They may pass to the circular coat and 
where it has been cleft by vessels or other structures may be seen run- 
ning across the cleftlike stays. Finally, they may unite the circular 
coat with the muscularis mucosae. They are sometimes seen to take a 
wavy, arabesque-like course and to occur multipl}’^ rather than singly; 
they may then be called arabesque fibers. 



Fig. 4. — Chronic appendicitis; longitudinal section. There are mixed fascicles 
in isolated groups. Besides these deepb"^ staining ovoid formations, note inter- 
lacing fibers. 


{g) Loops : Fibers may arise in the circular coat, follow its course 
for a while after leaving it and then run out of the section. Serial sec- 
tions, however, prove that after leaving the coat and describing a loop, 
they return to the circular coat. Another variety of loop is furnished 
by recurrent fibers that are a form of enveloping fibers, which leave 
their fascicle, the bundle increasing in thickness by reason of the addition 
of other fibers, and run obliquely or in curves to the internal coat, where 
they may or may not exchange a few fibrils (fig. 5). They then course 
back to the external coat and in so doing embrace whorls with multidi- 
rectional fibers, forming a true supernumerary layer of aberrant fibers. 
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(/i) Penniform Fibers: These are another form of em^eloping or 
penetrating fibers that are found in multiples rather than isolated. From 
each u'horl in a given region, or from its capsule, fibers run obliquely 
toward a more or less isolated fascicle or toward the circular coat. This 
forms the shaft of the feather; the oblique fibers that join it, the barbs. 

(7) Digitiform Expansions : These arise in the most central portion 
of the circular coat and are distributed through the submucous connective 
tissue, their destination usuall)" being the muscularis mucosae. They are 
common in chronic appendicitis undei'going fibrous oblitei'ation. They 



Fig. 5. — Chronic fibrous appendicitis; transverse section. Several groups of 
transverse fibers may be seen in the internal layer. Each packet is enveloped 
by longitudinal fibers, which reunite to outline these groups and then lose them- 
selves after turning aside to the internal layer. Recurrent fibers are seen gen- 
erally throughout the field. 

run at first parallel to the circular coat, diverging obliquely and possibly 
decussating with other fibers; usually they form patterns like hands 
with outstretched fingers. Whorls may be formed in these digitations. 
The digitiform fibers may form blunt processes extending toward the 
muscularis mucosae without reaching it, or they may return to the 
fascicle whence they arose in the form of recurrent fibers. If they 
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encounter more or less rigid anatomic structures in their path, they may 
split to surround these, reuniting when the obstacle is passed. 

Fate of Aberrant Fibers. — Of these the whorls, whorled fibers and 
supernumerary layers give one an impression of permanency ; the other 
forms seem to be in a state of evolution and rearrangement. There 
appear to be processes of evolution going on in one part of them, while 
in another segment histolysis is taking place. Points of sarcolysis are, 
however, rare. The l)dic processes are the work of histiocytes.^ 

CHANGES IN THE MORPHOLOGIC APPEARANCE OF THE 
MUSCULAR COATS PROPER 

The muscular coats as such may shorv variations within themselves ; 
whorls and aberrant fibers, changes in thickness and compensatory 
alterations. 

Changes in Thickness. — The thickness of the muscular coats is 
extremely variable; the normal ratio between the external and the 
internal coat, maintained in acute appendicitis, is lost in the chronic 
condition. Most striking is the variability of thickness over long 
stretches, which may involve one or both coats. This is best noted in 
rolled sections of the entire organ, the longitudinal section giving more 
scope. Where one coat is thinned the other does not necessarily become 
thickened, as newly formed fibers that are strewn between the coats or in 
the submucous layer of connective tissue take care of compensation. In 
transverse sections there is sometimes noted a thinning in one semicircle 
of the organ which is counterbalanced, as it were, by a corresponding 
thickening in the same coat but in the other semicircle and on the opposite 
side of the organ. Numerical ratios vary tremendously; the inner coat 
may measure from 6 to 1, while the outer varies from 3 to 2. 

Suppression of} Coats; Occurrence of Supernumerary Coats. — The 
external coat may be fragmentarily wanting (fig. 6) ; it may be sup- 
plemented by arched or oblique aberrant fibers (fig. 7) or by connective 
tissue from the subserosa. When it is lacking, the internal coat is found 
to contain whorls, aberrant fibers or fibers that run in the same direction 
as those of the missing external coat. The transitions between the 
normal and the suppressed or aberrant region of a coat may occur 
abruptly or gradually. In the latter case, one sees successively fibers 
that run in all directions and form whorls; next, simpler packets of 
external coat and oblique fibers which trail off into subserous projections. 
At such points the external and internal coats become solidly fused, 
their fibers interlacing obliquely or at right angles. 


2. Goldner, J. : Compt. rend. Soc. de biol. 144:1131, 1933. 
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In other cases, the external coat instead of disappearing, appears to 
be formed of sparsely scattered fascicles of fibers. A majority of these 
have the appearance of fibers of the internal coat, running obliquely. 

The supemumerar\* coat may involve either coat. The circular 
coat may be reenforced by increased connective tissue or by islets of 
muscle scattered through the svibmucous fibrous capsule, sometimes unit- 
ing the internal coat to the muscularis mucosae. The reenforcing fibers 
of the external coat may appear as islets with fibers running variously, 
astride the coat, scattered betAveen it and the serosa or even invading 



Fig. 6. — Diagram at left (chronic ulcerative appendicitis ; longitudinal section) ; 
Note the TOriations in the thickness of the two coats. At one point the verj’ thin 
external coat is reenforced by packets and fascicles from the internal coat. At 
this point digitations of longitudinal fibers run into the connective tissue. Notice 
also tlie intersections of the fibers of the external coat. 

Diagram at right (chronic h-mphoid appendicitis ; transverse section) : Note 
the variations in the thickness of the two coats. Between tl:: two arrows one 
may note the disappearance of the external coat, which occurs gradualh*, stout 
packets being replaced by smaller and smaller fascicles. Note the geographic out- 
line of the internal margin of the inner coat, the course of the aberrant fibers and 
the occasional transverse fibers that lie in the sublymphoid connective tissue. 

the serosa. They may appear as isolated nodules which have nothing 
to do with the muscle itself, being completely separated from it. There 
are no bridge fibers here. 
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Another variation is intercalated fibers. Instead of showing two 
distinct layers, certain appendixes with chronic inflammation show first, 
an outer longitudinal or slightly oblique coat, a transverse coat, where the 
muscle bundles appear to be forced into the outer coat. This is suc- 
ceeded by another longitudinal or slightly oblique coat and finally by 
the circular coat. 

HISTOGENESIS OF ABERRANT MUSCLE FIBERS 

I have never observed mitoses or amitotic division in the fibers of 
the two muscular coats or in the vascular cells, and classic myoblasts 
have been totally wanting. The only cell which could, then, produce 
an aberrant muscle fiber is the histiocyte, more particularly the adventi- 



Fig. 7. — Chronic fibrous appendicitis; transverse section. The external coat 
is replaced by oblique fibers forming loops. The oblique fibers mingle with the 
circular fibers of the internal coat. 


tial histiocyte of Marchand. In this respect the data presented here 
differ from those of Stieve,® who believed that tymphocytes emigrated 
from the vessels of the pregnant uterus and became histiocytes which 
multiplied and produced muscle fibers, or that fibroblasts might accumu- 
late early in pregnancy to produce muscle fibers later. He believed these 
were also of histiocytic origin. It is not evident in my sections that the 
lymphocytes (which are abundant) are ever transformed into muscle 
cells. 

3. Stieve, H. ; Ztschr. f. mikr.-anat. Forsch. 17:371, 1929; Zentralbl. f. Gynak. 
53:2706, 1929. 
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In drawing general conclusions as to this histogenesis one may 
point out ; 

1. The arrangement of newly formed muscle cells imitates that of 
newly formed capillaries (fig. 8). The capillary ajrirears to form a sort 
of core for the production of muscle fibers; it may disappear, for many 
such vessels arc merely temporary in function, and their development 
may remain uncompleted (e. g., there may he ahscncc of an endothelial 



Fig'. 8. — Newly formed muscle fibers the mTaiigcmcnt of whicli suggests that 
of building capillaries. 


lining). Their temporary morphogenesis seems to afford a form of 
preparation for the histogenesis of muscle' fibers. 

2. New muscle bundles, like new vessels, employ the interstices of 
the connective tissue as formative molds. 

3. Muscle fibers may pass from one capillary to another, sometimes 
constricting them and causing them to disintegrate and cease to function 
Cfi.c:.9). 
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4. The new formation of muscles stimulates proliferation of retic- 
ulum, reticular fibers determining the direction of the muscle fibers and 
separating them from each other (fig. 10 A, S, C and D). 

5. The earliest muscle fibers appear as sleeves around the capillaries ; 
by the time that they have been formed there are no adventitial cells left, 
so that no more muscle can be produced. These muscle cells do not 
divide; they merely grow in size. Fibers connecting them with other 
groups are produced by histiocytes in the intervening reticular layer (fig. 
10 £). 

It has not been possible to follow every stage in the transformation 
indicated in the foregoing paragraphs, nevertheless one may deduce that 



Fig. 9. — Capillaries undergoing evolution. At the right, a capillary has dis- 
appeared (neither endothelium nor perithelium being visible) ; sparse muscle 
fibers envelop it partially. In the capillary that runs longitudinally (below) there 
are endothelial and perithelial reactions. One of the histiocides has produced 
fibrils. The other is elongated into a spindle; its cytoplasm is dense and darkly 
staining. The three capillaries that run transverseb" are compressed by the 
smooth muscle fibers that course among them. The adventitial cells show fibrils. 
The neighboring histiocytes, increased in number, are of the reacting t 3 'pe, some 
of them showing fibrils. Supporting fibers connect transverse with longitudinal 
capillaries. 

the disintegration of capillaries sets free the adventitial cells, which 
become more like Maximow’s pol 3 ’’blasts as the process goes on, and that 
these cells may begin producing myofibrils even before they have 
assumed a fusiform character (fig. 9). These phases can be seen in im 
sections. 




Fig. 10. — Capillaries at the time of formation of smooth muscle fibers ; In 
A note the narrowed lumen, the metamorphosing endothelial cell and the altered 
perithelial cells containing fibrils. Reticulum separates the cells from one 
another. In B note the narrowed lumen, the fragments of erythrocj-tes, the 
desquamating endothelial cells, the outlining of the lumen by reticulum and the 
histioc 3 'tes with a fibrillarj' structure. In two of the latter the fibers run trans- 
versely, while those in neighboring cells run in the opposite direction. C shows 
an obliterated lumen bordered by reticulum. The muscular fibers run transversely. 
The fascicle is enveloped by smooth muscle fibers that emanate from the perithelial 
cells. The evolution of one of the perithelial cells is retarded (plump nucleus, rare 
fibrils, a reacting type). D shows disappearance of the endothelium, with efface- 
ment of tlie lumen. The reticulum that surrounds it joins that whiclr separates 
the muscle fibers from one another. Smooth muscle fibers run in two directions. 
Note the evolutionarj' phase of the adventitial cells. Nearby is a plasma cell. E 
shows capillaries running longitudinalh'. Note the metamorphosis of the endo- 
thelium (desquamation; monocytic and polj-blastic appearance). The endothelial 
tube is ensheatlied by muscle cells through a transformation of the perithelial 
tube. Some adventitial cells of the reacting type are seen below. A second file 
of muscle fibers is apposed (at right) ; their origin is histiocytic. Note the 
reacting phase of the histiocytes of the reticular network. In this figure the 
scales shown are all drawn to 10 microns. 
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If one follows the direction of the myofibrils contained in these 
adventitial cells in the course of transformation, one finds them running 
longitudinally in some, transversely in others, in their immediate 
vicinity (fig. 10 S). Thus, the muscular sheaths of some capillaries are 
composed of fibrils running in two opposed directions. Part of these 
fibrils surround the vessel as long as it is functional ; the more periph- 
erally situated cells, however, leave the vessel and push out along its 
longitudinal axis (fig. 10£). The new muscle fibers may remain more 
or less as they are, or they may increase in number and form bundles, 
the increase being the result of a transformation of histiocytes, which 
also form reticulum and direct the course of the muscle fibers, rather 
than of a proliferation from adventitial cells. 

Fibers arising from capillaries that run at angles to the normal 
muscular coats deviate from the vascular axis at once and retain this 
deviation. Instead of reenforcing one of the coats, they become aber- 
rant fibers of the bridge or loop type. Their direction is first dependent 
on that of the capillary ; later it is determined by the tissue spaces, where 
the capaciousness allows the formation of arabesques and where the 
contractions of the altered muscular coats may force the aberrant fibers 
into new courses. 

Muscular fibers are not formed alone at the expense of the capil- 
laries that course in the muscular coats; they are also derived from 
those that lie in the connective tissue separating these coats from each 
other or from the submucous fibrous capsule. In the latter instance, the 
fibers that arise constitute the aberrant musculature that forms the 
median intercalated coat, digitations of which join the muscularis 
mucosae or whorls and groups of fibei's that represent the displaced 
remains of attenuated anatomic coats that are in regression. 

CONCLUSIONS 

In chronically inflamed appendixes there are morphologic deviations 
of the two muscular layers, with attentuation or thickening, disappear- 
ance and the production of supplementary fibers. 

Aberrant fibers appear ectopically, forming median coats, surround- 
ing lymph follicles or lying in the fibrous capsule of the submucosa. 

The structural changes described here are frequently seen in chronic 
appendicitis, fairlj'- frequently in the subacute inflammation that sig- 
nalizes early chronic appendicitis and very rarely in acute appendicitis 
and in normal conditions of the appendix. Their presence denotes 
past attacks that have stimulated the production of capillaries and histio- 
c}’tes. They exist even when other cardinal signs (notably those proper 
to the lymphoid apparatus and epithelium) have subsided. 
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Functional changes in the form of abnormal contraction should cor- 
respond to these structural abnormalities of the musculature, which 
would in part explain the pathogenic mechanism of this disease. Abnor- 
mal contraction may be as important etiologically as changes in the rigid 
connective tissue framework, which also shows lesions of past attacks. 

Aberrant fibers, as well as those that cause the thickening of one or 
the other coat, have a special histogenesis ; their parent cell is the histio- 
cyte, more particularly the adventitial cell of Marchand. 

Preformed or newly formed capillaries disappear. 

Although the majority of aberrant muscular structures appear to be 
permanent, others may fall prey to sarcolysis or to rearrangement. The 
lytic forces involved are supplied by histiocytes. 
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In the Laboratories of Pathology at Bellevue Hospital we have had 
occasion to study a neoplastic disease involving not only those organs 
entering into the formation of the reticuloendothelial system — the spleen, 
lymph nodes, bone marrow and liver — but also structures not customarily 
regarded as members of that system, among them, the pericardium and 
pleura, both adrenals, the pancreas, the small intestine, the gallbladder, 
both kidneys, the uterus, fallopian tubes and ovaries, and the thyroid. 
The individual tumors are characterized histologically by an overgrowth 
of minute channels lined by endothelial cells provided with delicate spine- 
like processes which are impregnable by silver. • The spleen was massive, 
and the lymph nodes were enlarged to a remarkable degree. The bone 
marrow was replaced over a wide expanse by tumor growth, and the 
patient presented the picture of a v^ariety of myelophthisic anemia. We 
were unable to find a description of any comparable condition in the 
literature of medicine, and the disease is believed to be unique. It is best 
designated, we think, as reticuloendotheliomatosis. 

REPORT OF A CASE 

A white woman aged 42 was admitted to Bellevue Hospital to the medical 
service of Dr. Charles E. Nammack, Nov. 6, 1933, and died March S, 1934. She 
complained that for eight months she had suffered from constant generalized 
pains referable to the bony system. She described the pains as “drilling.” She 
stated that two months prior to examination she had noticed masses in both 
armpits and a tender mass in the upper part of the abdomen on the left side. 
She said that she had lost 40 pounds (18 Kg.) in the past year, and she com- 
plained of shortness of breath. 

The patient was obese. The skin was flabby and presented a diffuse lemon 
yellow tint. Petechiae and small ecchymotic extravasations were visible in the 
skin covering both arms and legs. The cervical, axillary and inguinal lymph 
nodes were enlarged. The spleen was palpable at the crest of the left ilium and 
was tender. The edge of the liver was felt 6 cm. below the level of the costal 
slope in the right midmamillary line. The organ was tender. Palpation elicited 
tenderness throughout the bony system. Both legs were markedly edematous. 
The patient was dj'Spneic. The temperature ranged between 99 and 100 F. 


From the Laboratories of Pathologj', Bellevue Hospital. 
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Blood counts made over a period of several months averaged 1,500,000 red 
cells The hemoglobin content ranged from 25 to 30 per cent The white cells 
numbered on the average 20,800 per cubic millimeter, with a high percentage 
(82) of poljmorphonuclear neutrophils. There were many normoblasts, megalo- 






Fig. 1.— High power photomicrograph of a lymph node, showing minute channels 
lined by reticulum cells with spinelike processes; silver impregnation 


blasts and macrocytes, a few reticulocytes, some anisocytosis and an occasional 
myelocyte. The color inde.x varied from 1 to 1.13. The platelet count averaged 
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14,430; the coagulation time, one and a half minutes; the bleeding time, five and 
a half minutes. The- icterus index was 5. The urine on repeated examination was 
normal. 

Roentgen examination showed rarefaction and sclerosis in the rami of the 
pubic bones, in the ilia and in the upper third of the femurs, rarefaction of the 
skull and sclerosis of the lumbar region of the spinal column. The changes were 
interpreted as those of a metastatic malignant tumor, probably carcinoma. 



Fig. 2. — Low power photomicrograph of spleen, showing interlacing reticulum 
fibers dividing the pulp into small islands ; silver impregnation. 

Microscopic examination of an excised inguinal lymph node showed changes 
which were interpreted as those of a metastatic adenocarcinoma. 

Necropsy . — The incision was limited from the xiphoid cartilage to the pubic 
symphysis. 

The body was that of an obese white woman 155 cm. in height and weighing 
102 Kg. There was marked edema of the lower extremities, the left hand an 









Fig. 3.— High power photomicrograph of spleen, showing minute channels lined 
by reticulum cells with spinelike processes; silver impregnation. Compare with 
figure 1. 
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the region of the right breast. The fat in the anterior abdominal wall was 
abundant; the muscle tissues were atrophic. The peritoneum was smooth, and 
the sac contained about 2,000 cc. of thin straw-colored fluid. Embedded in the 
pericardium, which for the greater part was smooth and glistening, were numbers 
of grayish dome-shaped nodules, sharply demarcated, sessile and from 1 to 3 mm. 
in diameter. The pleura of both lungs revealed extensive smooth grayish opaque 



Fig. 4. — Low power photomicrograph of bone marrow, showing the formation 
of delicate canals and the abundance of intercanalicular substance; hematoxylin 
and eosin. 


areas of thickening and numerous nodules of the same size and character as those 
described in the pericardium, together with delicate grayish linear projections 
into the substance of the membrane. The spleen weighed 1,150 Gm. The organ 
was red and tough, the capsule smooth. On section the substance was ^ riddled 
with ill defined opaque grayish foci, measuring from 3 to 6 mm. in diameter. 
The liver weighed 3,075 Gm. Scattered through the capsule were moderate 
numbers of grayish, dome-shaped nodules from 2 to 15 mm. in diameter. Strewn 
through the substance were nodules of the same character as those descri e 
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in the capsule. Tlic walls of the gallbladder contained a few nodules of similar 
appearance, averaging about 6 min. in diameter. The pancreas also showed 
moderate numbers of nodules of much the same size and appearance. The adrenals 
were greatly increased in size and riddled with poorly defined grayish nodules 
varying in size from 1 to 4 cm. Scattered through both kidneys were a few 
nodules, measuring about 2 mm. in diameter and diiTcring in no essential from 






Fig. 5. — Low power photomicrograph of liver, showing atrophic and fatty 
parenchymal cells and interlobular collection of minute channels lined by reticulum 
cells; silver impregnation. 


those encountered elsewhere. Embedded in each ovary was a solitary nodule, 
1 cm. in diameter, of the same description as those referred to. The walls of the 
fallopian tubes were thickly strewn with nodvdes, all about 2 mm. in diameter. 
Two subscrous sessile nodules, measuring, rc.spectivcly, 3 and 8 mm. in diameter, 
were present in the fundus of the uterus, and several nodules, about 4 mm. in 
diameter, were buried in the endometrium. The cervical, peribronchial, anterior 
mediastinal, mesenteric and pelvic lymph nodes were enlarged, varying in diameter 
from 1 to 3 cm. The retroperitoneal nodes were extensively involved, and those 
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in the celiac region formed a mass 10 cm. in diameter. The cut surfaces of the 
lymph nodes presented a grayish opaque homogeneous appearance with faint 
undulations. The marrow of the pubic bones, lumbar vertebrae and ribs was 
practically completely replaced by firm grayish opaque tissue. In the upper part 














Fig. 6. — ^High power view of a part of the area shown in figure 5. Note 
atrophic and fatty parenchymal cells and minute channels lined by reticulum cells 
with spinelike processes; silver impregnation. A few reticulum fibers are present. 

of the right lobe of the thyroid were two firm grayish nodules, each measuring 
about 1 cm. in diameter. Permission for examination of the head was not obtained. 
Other than the changes described, necropsy revealed nothing worthy of recor 
in the present connection. 
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Spleen: The architecture was practically completely obscured by an over- 
growth of pinkish-staining, poorly nucleated tissue, which divided the substance 
of the organ into islands of different shapes and sizes and of variable cell 
content. In sections impregnated with silver (fig. 2) this supporting tissue was 
seen to consist of a dense network of reticulum fibers. In places it surrounded 
islands of pulp and sent individual reticulum fibers into the pulp. In other places 
were islands made up of capillarj'' vessels lined by argentophilic endothelium witli 
spinelike processes. These cells were scarcely distinguishable from the tumor 
cells. in the lymph nodes (fig. 3). In some places the hyalinized walls of an 
arteriole were visible, and the insular structure as a whole was thus recognizable 
as an altered lymph follicle. 

Bone Marrow: Man}’’ of the interstices in the bone marrow were filled with 
capillary channels lined by endothelial cells with argentophilic cytoplasmic 
processes. These cells w'ere of the same appearance as the tumor cells in the 
lymph nodes and spleen (fig. 4). In silver preparations the intercanalicular tis- 
sue was shown to consist of interlacing reticulum fibers. In other interstices were 
closely crowded marrow cells whose identities could not always be distinguished 
in paraffin sections, although eosinophilic myelocytes were abundant and meg- 
akarj’’ocytes were occasionally discernible. 

Liver: The lobular formation was lost as was the columnar arrangement of 
the parenchymal cells. The latter were distorted and atrophic to an extreme degree, 
and many of them were coarsely vacuolated (fat). The sinusoids appeared to 
be greatly widened. The Kupffer cells were unchanged. In the perilobular con- 
nective tissues were numerous collecti 9 ns of capillary vessels which in sections 
stained with hematoxylin and eosin and in sections impregnated with silver 
were apparently identical with those in the lymph nodes, spleen and bone marrow 
(fig, 5). The foci in question were well circumscribed and were often irregular 
or spider-like in contour, the capillary vessels extending for short distances between 
immediately adjacent liver cells (fig. 6). Such foci varied in size from islands 
of microscopic dimensions to those which replaced one or many lobules. 

Pericardium, Adrenals, Kidneys, Small Intestine, Pancreas and Uterus, Includ- 
ing Myometrium and Endometrium : The histologic picture in all these tissues 
was essentially identical with that in the lymph nodes, spleen, bone marrow and 
liver, but all of the former organs revealed in addition to the overgrowth of 
capillary vessels lined by endothelial reticulum cells the same sort of reticulum 
cells distributed in solid rows running parallel with one another or arranged con- 
centrically (fig. 7). 


COMMENT 

It is our impression that the neoplastic disease described in this paper 
under the designation of reticuloendotheliomatosis is unique and tha.t it 
is a clinical and pathologic entity. It is characterized (1) by multiple 
small nodules in various organs, including not only those of the reticulo- 
endothelial apparatus but also the pericardium and pleura, both adrenals, 
the pancreas, the small intestine, the gallbladder, both kidneys, the 
uterus, fallopian tubes and ovaries, and the thyroid, (2) by growth units 
consisting of minute channels lined by argentophilic endothelial cells 
with spinelike processes, and (3) by a variety of myelophthisic anemia 
due to widespread neoplastic replacement of the bone marrow. 



HEMANGIOENDOTHELIAL SARCOMA OF THE THYROID 
WITH EXTENSION INTO THE TRACHEA AND 
WITH MASSIVE HEMOPTYSIS 

Morris A. Simon, M.D.,* Montreal, Canada 

Hemangioendothelial sarcoma is an uncommon tumor of the thy- 
roid. At the present time the literature reveals reports of 21 cases, only 
1 of which was published in America. The condition is not so infre- 
quent as the figure stated would indicate, for Wegelin ^ noted the 
appearance of 19 cases of this type of tumor in his material at Bern, 
Switzerland, during the period from 1907 to 1922. A further review 
of the material at Bern (from 1922 to 1938) by me reveals 22 addi- 
tional instances. The cases reported are distributed as follows ; 
Hedinger,^ 6 cases ; Limacher,® Frattin ■* and Clivio,® 2 cases each, and 
Usui,® Winnen,'^ Matti,® Blum,® Distefano,’^® Wulfing,^^ Kassel,^® Pon- 
hold and Rice,^^ 1 case each. 

As the name indicates, the tumor is believed to arise from pro- 
liferating endothelium of blood vessels, and in its growth it simulates 
the formation of small vessels and capillaries. The morphologic 
appearance of the cells comprising the tumor also points to endothelial 
derivation. 


From the Pathol ogisches Institut, Berne, Switzerland, Prof. Dr. C. Wegelin, 
director. 

*E. E. Wolf Fellow in Pathology, Institute of Pathology, Western Reserve 
University, Cleveland. 
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As with carcinoma, invasion of the trachea is not uncommon with 
hemangioendothelial sarcoma. It was present in cases 2 and 6 of 
Hedinger,^ in 3 cases (including that reported here) in the material 
at Bern, and in the cases of Usui,® Winnen ‘ and Wiilfing.^ De Quer- 
vain pointed out the marked tendency toward excessive and atypical 
bleeding of hemangioendothelioma arising in old adenoma and regards 
this feature under certain conditions as evidence for a presumptive 
diagnosis of hemangioendothelioma. The metastases, like the primary 
tumor, show a tendency toward excessive bleeding, which may be so 
extensive as to lead to death. Thus, in the case of Blum,® 'death was 
due to a massive intrapleural hemorrhage from a metastasis of a malig- 
nant hemangioendothelioma of the thyroid. In the case reported here 
death was presumably due to massive hemoptysis from a metastatic 
intratracheal lesion, and in 1 other case observed in Berne but not 
reported, death was due to uncontrollable hemorrhage from a meta- 
static lesion in the mandible at the alveolar process. 

REPORT OF A CASE 

A 58 year old white man was admitted to the Inselspital (clinic of professor 
de Quervain) with the following complaints: progressive shortness of breath 
for over one year, pain in the region of the left shoulder for the past few months, 
hoarseness for the past two months, difficulty in swallowing for the last several 
weeks, bloody sputum for the last five days and marked loss of weight. He 
stated that the “goiter” which he had had for the past thirty-three years had 
grown considerably in the last year. 

History revealed that the patient had never had pneumonia, pleuritis, fever or 
night sweats. He admitted that he had used external medicaments on the goiter 
but had never taken anything by mouth. The family history was not relative except 
for the fact that his brother had a “goiter.” 

The patient was emaciated, with marked pallor of the skin and mucous mem- 
branes and with cyanosis of the lips and hands. The pulse rate was 120 per 
minute; the blood pressure was 140 systolic and 90 diastolic, and the respiratory 
rate was 20 per minute, with mild stridor and coarse tracheal rales. The patient 
was afebrile. A Horner’s syndrome was present on the right side and was well 
developed. 

The thyroid gland was markedly enlarged, measuring 16 cm. in width and 
from 11 to 13 cm. in length. The thyroid was firm in consistency except that 
the lower middle part felt cystic. The surface was smooth save for occasional 
irregular areas. The skin was tightly stretched but was freely movable over 
the gland. Posteriorly the mass was firmly fixed to the organs of the neck. 
On the right, behind the sternocleidomastoid muscle was an irregular firm 
mass, measuring 5 to 6 cm., which posteriorly appeared to be continuous with 
the enlarged thyroid. The lymph nodes of the neck were enlarged and firm. 
The right superior thyroid artery was enlarged, firm and palpable. The left 
could not be felt. The trachea was pushed toward the right but was not palpable. 

The thorax showed a mild left kyphoscoliosis, and on auscultation the lungs 
disclosed throughout moist coarse rales. 

The rest of the findings on’ physical examination were essentially negative. 


15. de Quervain, F.: Deutsche med. Wchnschr. 52:605, 1926. 
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Initially the blood showed a hemoglobin content of 67 per cent (Sahli), 
3,336,000 erythrocytes per cubic millimeter (anisocytosis, anisochromia) and 
14,120 leukocytes, with polymorphonuclear leukocytes 82 per cent, lymphocytes 
11.5 per cent, monocytes 4,5 per cent and eosinophils 2 per cent. The sputum was 
almost pure blood. Microscopically the sputum showed innumerable red and white 
blood cells and a mixed bacterial flora but no tumor cells. 

Two days after admission the patient had hemoptysis, producing approxi- 
mately'^ 1 liter of blood. The hemoglobin content dropped from 67 to 46 per 
cent, and the patient went into mild circulatory collapse. He was given suppor- 
tive treatment. On the fourth hospital dav, following intravenous and intra- 
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Fig. 1. — Gross specimen with the trachea opened posteriorly. Note the invasion 
directly' under the spreader. 


muscular injection of a coagulant and intravenous injection of 10 per cent 
sodium chloride, the patient had a chill. He continued to bleed by mouth and 
on the fifth hospital day was given a hemostatic intravenously and intramuscularly 
without any apparent influence on tlie bleeding. The hemoglobin content fell to 
30 per cent, and there were signs of vasomotor collapse. On the sixth hospital 
day the patient was given a transfusion of 700 cc. of whole blood. He failed to 
show improvement and died on the next (seventh) hospital day. 

Autopsy. — (Prof. W. C. Wegelin.) This examination was made approximately 
twenty-six hours after death. Only the pertinent observations are described. 

The body was that of a well developed but poorly nourished white man 
aged 58 years and weighing 63 kilograms. 
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The esophagus, larynx and trachea were filled with bloody fluid. The mucous 
membranes of the esophagus and larynx were pale. The trachea was markedly 
compressed on the left and displaced to the right. In the region of the thyroid 
the mucous membrane of the trachea was replaced by a slightly elevated, irregularly 
shaped, flat, dark red tumor mass, 2 by 3 cm. in diameter, which was continuous 
with the left lobe of the thyroid. In the immediately surrounding area multiple 
flat nodules of dark red tumor, varying from 3 to 5 mm. in diameter, were seen 
in the mucous membrane of the trachea. These were more marked on the left 
than on the right and extended up as high as the subglottis. In one of these 
nodules, which measured 4 mm. in diameter and which lay, somewhat isolated, in 
the lower anterior part of the trachea, a darker red spot, 1 mm. in diameter, 
was seet\. 



Fig. 2. — Section through the trachea. A portion of the cartilage ring is seen 
in the upper right hand corner. Note the slitlike spaces, some containing blood cells. 
Note the tendency to flattening of the tumor cells lining such spaces. Hematoxylin 
and eosin; X ISO. 

The left lobe of the thyroid consisted of a firm tumor mass, measuring 11 by 7 by 
7 cm. This was firmly and intimately connected to the trachea. The left carotid 
artery and left jugular vein were patent. No tumor thrombi were present in 
any of the vessels of the neck. The left lobe of the thyroid was surrounded bj 
a thick, dense connective tissue capsule, 2 mm. in width. The cut surface ot 
this portion of the thyroid showed a large irregular cavity, filled with partially 
fluid and partially inspissated bloody material. The former was dark red and the 
latter was chocolate brown and friable. After removal of this material the turner 
tissue, which varied from red to grayish red, was seen lining the wall of this 
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cyst. Within the tumor tissue were innumerable, irregularlj' distributed slitlike 
spaces filled with dark red fluid. In some portions of the cyst, just peripheral to 
the tumor tissue and within the fibrous capsule, a dark brown and somewhat 
transparent layer of homogeneous material, containing a few slits, was seen. On 
the tracheal aspect the tumor tissue was found to be directly continuous with 
the larger tumor mass lying within the trachea. 

Anteriorly, extending from the thyroid cartilage to the suprasternal notch, 
was a roughly ovoid cyst from 10 to 11 cm. in diameter. This cyst, which w'as 
attached to the anterior cervical muscles, was filled with a thick, light brown 
fluid containing a large amount of crumbly, friable material. The cyst was 
surrounded by a firm wall, from 2 to 3 mm. in thickness, in which was found dark 
red and brown friable material similar to that seen within the cyst. 

The right lobe of the thyroid was also enlarged, measuring 9 by 3 by 3 cm. 
The cut surface showed many oval or round encapsulated nodules, measuring 
from 2 to 4 cm. in length and each about 2 cm. in width and thickness. These 
nodules, which varied from grayish red to brown, were slightly hemorrhagic and 
transparent. In the upper pole an occasional nodule, gray and measuring about 
0.5 to 1 cm. in diameter, was seen between compressed lobules of thyroid tissue. 

The cervical lymph nodes on both sides were markedly enlarged, firm and 
dark red. Many of the nodes showed on the cut surface hemorrhagic areas of 
softening lying in dark red to grajdsh red tissue from which bloody fluid could 
be scraped. The mediastinal Ij^ph nodes were similar. 

The other organs were not remarkable from the point of view of this report, 
and the only reference to them will be included in the final diagnosis. 

Histologic Examination. — A section taken through the trachea showed exten- 
sive destruction of the entire tracheal wall and mucous membrane. Only the 
cartilaginous rings were intact. The tumor cells replacing the wall showed a 
rich variety of shape and arrangement. In general, the cells were roughly poly- 
hedral, with abundant, poorly defined cytoplasmic outlines. The cytoplasm took 
a pale blue stain, was homogeneous and in some situations was pale bluish red. 
Many of the cells were phagocytic and contained fragments and whole red 
blood cells. Other cells were more spindle-like in form, and these were some- 
what darker in color. The nuclei of the tumor cells were extremelj'' prominent, 
with sharply defined nuclear membranes. The nucleoplasm was sparsely granular, 
and the nuclei contained one or more accentuated dense dark blue nucleoli. Nuclei 
of irregular size and shape were encountered, and atypical mitotic figures were 
infrequent. An occasional multinucleated cell was seen. 

In man}" situations the tumor cells lay loosely in a scant fibrillar connective 
tissue stroma, in which many red and white blood cells were enmeshed. Here the 
appearance was typically sarcomatous. In other situations were encountered 
well defined slits, spaces and tubelike structures, lined either by single or by 
multiple layers of cells. These structures simulated small vessels and capillaries 
and were lined by robust tumor cells. Many of these spaces contained red blood 
cells while others were empty. Various degrees of flattening of the tumor cells 
lining these spaces were noted until vessels indistinguishable from normal capil- 
laries were seen. Mucous glands and mucous membrane were completely destroyed. 

Sections taken from the wall of the cystic left lobe of the thyroid showed no 
recognizable thyroid tissue. The inner surface of the cyst was lined by a pale 
red amorphous layer of “caoutchouc hyalin,” containing no cellular elements 
but impregnated with granules of hemosiderin. In this layer numerous acicular 
slits were seen, and the outer portions were slightly calcified. Peripheral to this 
layer was a dense connective tissue capsule, in which collections of tumor cells 
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were present. These tumor cells were spindle shape, lay in compact masses and 
were supported on a fibrillar connective tissue stroma. The cytoplasm was dark 
and poorly defined, and the nuclei were dense and not particularly prominent. 
No vascular or slit formation was present here, and the appearance was that 
of a simple spindle cell sarcoma. In some situations massive hemorrhage was 
seen in the capsule. Here the tumor cells had phagocytosed hemosiderin and red 
blood cells. In order to preserve the specimen as nearly intact as possible, no 
further sections of the tumor mass were made, but Professor Wegelin was 
convinced that further section of this lobe w'ould show characteristic areas, 
similar to those seen in the trachea and in the lymph nodes. 

A section made from the nodular right lobe of the thyroid showed no tumor 
tissue, but here a few follicles of glandular tissue with scant colloid still remained 
in the peripheral portions of the adenomas. A few compressed and atrophic 
follicles of thyroid tissue were seen in the periphery. The centers of the adenomas 
were filled with masses of "caoutchouc hyalin," in which were found dilated 
and cavernous blood spaces, lined by flat endothelium. These cells did not appear 
to be tumor cells. They may, according to Wegelin,^ have been either the site 
of endothelial proliferation as a response to the general tumorous proliferation or 
the original site of tumor formation. 

Sections of mediastinal lymph nodes show'ed the major portion of these nodes 
to be replaced by a neoplastic growth composed of robust endothelial-like cells 
containing prominent nuclei. These cells were arranged in short parallel strands 
about blood-filled lumens or lay loosely in small clumps. In the latter situation 
the tumor cells were markedly polymorphic, with large amounts of cytoplasm and 
with round or oval vesicular nuclei. Here and there occasional spindle cells 
were encountered. A portion of the tumor tissue was hemorrhagic and was 
infiltrated by red blood cells and considerable numbers of pob'^morphonuclear 
leukocytes. In the sinus of one of the Ij'mph nodes were many endothelial cells 
filled with phagocytosed hemosiderin. 

Anatomic Diagnosis . — The conditions observed were: hemangioendothelial 
sarcoma of the thyroid, with metastases in the cervical, supraclavicular and 
mediastinal lymph nodes; perforation of the trachea by the tumor, with implanta- 
tion metastases in the tracheal mucous membrane; nodular parenchymatous cystic 
goiter; pulmonarj^ emph 3 'sema and edema; hypertrophy of the right ventricle; 
healed endocarditis of the mitral valve; mild generalized arteriosclerosis; atrophy 
of the spleen ; chronic cholecystitis with cholelithiasis ; enlargement of the prostate 
gland, and hypertrophy of the urinary bladder. 


COMMENT 

An attempt to determine the exact incidence of hemangioendothelial 
sarcoma of the thyroid proves difificult for three reasons: In the first 
place, the incidence of malignant disease of the thyroid varies pro- 
portionately with the incidence of endemic goiter and particularly with 
the incidence of nodular goiter, being greatest in those regions where 
nodular goiter is endemic. Second, the incidence of this type of tumor 
in the general population cannot be determined from the study of 
statistics of surgicalty removed thyroids or statistics which include the 
numbers of surgically removed thyroids, for, as Graham has indi- 
cated, the incidence of neoplasms of the thyroid gland in surgically 


16. Graham, A.: Surg., Gynec, & Obst. 39:781, 1924. 
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removed material amounts to a “great exaggeration of the normal 
incidence.” Third, the variegated and manifold histologic picture that 
the malignant hemangioendothelioma presents makes it appear likely 
tliat many tumors of this type invohdng the thyroid are variously- 
classified by different investigators. It is only by a siinultaneous com- 
parison of the incidence of nodular goiters and the incidence of malig- 
nant neoplasms of the thyroid and uniform histologic classification of 
malignant tumors of the thyroid in the same and in a gaieral autopsy 
population that the true incidence of this t 5 fpe of tliyroid neoplasm can 
be deterpfined. Unfortunately, such corrdated statistics are seldom 
found in the literature, although Wiilfing^^ analyzed the material in 
Freiburg in this fashion. The statistics given by the majority of inves- 
tigators do not have all tliese factors in view or include surgical mate- 
rial in tlie totals. It is beyond the scope of this paper to go into a critical 
analysis of the incidence of hemangioendothelioma of the thyroid. 

Tumors of few other glands offer sucli a rich variety and complexity 
of cellular form as tlie malignant tumors of the thyroid. In one and the 
same tumor and even in tlie metastases variations from what appears 
liistologically to be normal tigroid tissue to complex pictures which 
in the same field simulate botli carcinoma and sarcoma are seen. Thus 


there are not only considerable differences in classification and nomen- 
clature but also divergent opinions as to the relative incidence of sar- 
coma as compared with carcinoma. Indeed, Ewing and Smith go 
so far as to question the likelihood of sarcoma ever arising in the 
thyroid, while Pemberton^® stated tliat true sarcoma of the thyroid is 
rare. In a list of publications given by KasseV" in which tlie ratio 
of the incidence of sarcoma to that of carcinoma is quoted, the figures 
var}^ from 1 : 2 to 1 TOO. The relatively large numbers of instances 
of sarcoma of the thyroid reported by- European workers stand in 
striking contrast with the occasional one of sarcoma of this organ men- 
tioned by American pathologists. In spite of the fact that Wegelin^ 
warned against indiscriminate diagnosis of hemangioendothelioma, he 
admits that hemangioendothelioma must be considered as one of the 
more common types of tumors affecting the thyroid. According to 
Wegelin, man)”- tumors which on first glance have appeared to be 
sarcoma or carcinoma have on further careful investigation proved to 
be t}q3ical hemangioendothelioma. 


On the other hand, he agrees with Ewing and Smith that fre- 
quentl}’- multiple sections taken from i-arious parts of a tumor whicli 
in the original section can be called sarcoma will prove its epithelial 
origin and nature. However, he is of the opinion"® that the same 
factors which produce a great incidence of nodular goiters and malig- 
nant tumors in general may be responsible for a greater incidence of 
sarcoma in his material as compared with thyroids in other parts of 
the world. It is difficult to conceive why the thyroid should be an 
exception to the general concept that botli sarcoma and carcinoma may 


17. Ewing, J.: Neoplastic Diseases, ed. 2, Philadelphia, W. B. Saunders 
Company, 1922, p. 908. 

IS. Smith, L. W. : Arch. Path. 10:524, 1930. 

19. Pemberton, J. de J.: Ann. Surg. 87:369, 1928. 

20. Wegelin, C. : Personal communication to the author. 
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arise in the same organ. The remarkable vascular alteration that 
attends the growth and development of adenoma frequently is marked 
by endothelial proliferation of varying degrees, which may well be 
the starting point of hemangioendothelioma. 

There are many features which Hedinger - and Wegelin ^ consider 
macroscopically characteristic and perhaps unique for hemangioendo- 
thelial sarcoma of the thyroid. According to them, the tumor is usually 
solitary and more or less round or oval. It is cystic and filled with 
fluid or clotted blood. The blood mass is surrounded by a grayish 
brown transparent layer of so-called “gutta percha hyalin,” containing 
many vascular slits filled with fluid blood. This layer is continuous 
with the grayish red to pale gray tumor tissue, which often contains 
small areas of hemorrhage or small yellow foci of necrosis. The 
layer of h3’'alin may surround the entire blood mass, but in some cases 
it ma}'- be present in only one portion of the periphery. The outer- 
most portion of the tumor is usuallj'- surrounded by a connective tissue 
capsule, but the tumor frequently breaks through the capsule and 
invades the adjacent structures. 

Microscopically hemangioendothelial sarcoma shows a rich variety 
of histologic structures. The appearance may resemble that of simple 
telangiectasia with widening and multiplication of well defined vessels 
of capillary size. In such cases the endothelial cells are irregular in 
size and shape and project into the lumens. As further proliferation 
of the endothelium occurs, the cells become larger, and their nuclei 
become more rich in chromatin and show mitotic figures. The phago- 
cytic activity of these endothelial cells is marked, especially for red 
blood cells. In rapidl}^ proliferating areas the endothelial cells become 
more polymorphic and may lie loosely intermixed with red and white 
blood cells. In such areas various stages of lumen formation may be 
seen. When tumor cells proliferate within such lumens and become 
large and polyhedral, the picture may closely resemble that of carci- 
noma. Such rnasses may show secondary lumen formation and become 
filled with blood elements, and the endothelium then becomes flatter 
until it resembles normal vascular endothelium. At times the micro- 
scopic picture resembles that of sarcoma, with closely packed poly- 
morphic or spindle-shaped cells that may show only a few areas of 
sprouting or budding and only suggestive evidence of canalization. 
Occasionally, the microscopic picture may be that of cavernous spaces 
supported on a rich and sometimes hyalinized connective tissue stroma. 
These sinuses are lined by robust endothelial cells which occasionally 
project, like papillae, into the lumen. Limacher® described such a 
case. 

Wegelin ^ expressed the opinion that in the majority of cases 
hemangioendothelioma arises in adenoma rather than from the endo- 
thelium of blood vessels in the supporting stroma of an othenvise 
normal thyroid. In many instances of adenoma showing a layer of 
"caoutchouc hyalin,” widely dilated and thin-walled blood vessels are 
frequently encountered, in which the endothelium is swollen and occa- 
sionally multilayered, and it is in situations such as this that he 
believes hemangioendothelioma may arise. 

Secondary changes in hemangioendothelial sarcoma are frequent. 
These degenerative changes consist largely of hemorrhage and necrosis. 
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There is a marked tendency of tumors of this type to destroy the 
walls and invade the lumens of vessels. Thus, tumor thrombi are 
mentioned by Limacher ® and Wegelin.^ The possibility cannot be 
excluded that the thrombi are formed from proliferating endothelium 
of preexisting capillaries which communicate with veins. 

The most frequent site of metastasis of hemangioendothelial sar- 
coma is the lung. Metastases have been described in other situations 
but are uncommon. Thus, Usui ® described metastases in the calvarium, 
tibia and femur ; Winnen,^ in the diaphragmatic pleura ; Clivio,® in 
the stomach, liver, sternum and humerus ; Matti ® and Ponhold,^® in the 
gums and tongue, and Wegelin,’^ in addition, in the adrenals, heart, 
mandible, brain and choroid plexus. In about half the cases metas- 
tases are found in lymph nodes. 

The majority of cases of hemangioendothelioma, according to the 
material at Bern, occurred in persons between the ages of 45 and 70 
years, although the tumor may occur as early as the twentieth year 
of life. This is also true of carcinoma. 

The terminology of these tumors is not always uniform. Wegelin ^ 
suggested that the term “hemangioendothelioma” should be employed 
and when used alone should indicate a benign tumor derived from an 
endothelial proliferation of blood vessels which has a tendency to form 
vascular channels. He believes that the sarcoma-like forms should be 
called hemangioendothelioma sarcomatoides only when the appearance 
suggests strongly that seen in sarcoma; otherwise, he thinks that the 
term “malignant hemangioendothelioma” characterizes these tumors 
sufficiently to include those that may in some areas resemble carcinoma. 
In order to conform with the more usual American terminology, this 
case has been designated as one of hemangioendothelial sarcoma. 

SUMMARY 

A case of hemangioendothelial sarcoma of the thyroid, occurring 
in a 58 year old white man, is reported. The tumor invaded the 
trachea and metastasized to cervical and mediastinal lymph nodes. 
The statistical analysis of the relative incidence of this type of tumor 
is unsatisfactory. Nevertheless, the tumor appears to be more fre- 
quent in Europe, particularly in the goitrous regions of Switzerland, 
than in North America. It probably arises from the vascular structure 
of an adenoma rather than from that of an otherwise normal thyroid. 
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AN INEXPENSIVE EMBEDDING OVEN FOR USE 
IN ROUTINE WORK ON TISSUES 

S. Miles Bouton Jr., M.D., Ingleside, Neb. 

Wherever a considerable amount of work on tissues must be done 
as a part of the general laboratory routine, the recurrent problem of 
efficient handling and economy of operation presents itself. The average 
small laboratory does not, in most cases, require complete automatizing 
and thus usually specializing of the procedure of tissue embedding. 
More important by far is the general usefulness of every item of equip- 
ment placed in the usually limited space at the disposal of the technician. 

With these conditions in mind, I attempted a few years ago 
to design a combination embedding oven and emergency incubator that 
could be constructed of the simplest and most available materials. 
Although this laboratory maintains a high standard in the preparation 
of histologic material, the resulting equipment has given such satisfac- 
tion in several years of service that it is thought advisable to describe 
it here. 

DESCRIPTION OF OVEN 

The oven is illustrated in figure 1. It consists primarily of a box constructed 
throughout of inch (2.8 cm.) lumber, thus utilizing the insulating qualities of 
wood. The door occupies the entire frontage, is completely recessed into the frame 
of the box and consists of a wood frame holding two panes of glass, separated 
from each other by an intervening air space. The door is supplied with an 
inexpensive catch lock. The inside of the box is equipped, a short distance from 
the bottom, with four regulation screw sockets, two in each side wall, to hold 
four electric light bulbs (in this laboratory, two 25 watt and two SO watt bulbs), 
and the outside, with individual switches, one for each bulb. The electric cord 
leaves the box at the rear. The top of the box is perforated by six inch (1-3 
cm.) holes (the number and diameter of these holes may, of course, vary) within 
a rectangular space large enough to accommodate a dehydrating jar. This space 
is marked off by a low wooden frame to hold the jar, and the frame, open at the 
rear, furnishes guides for a sliding panel which can be adjusted to cover from one 
to all six holes. For this purpose, the latter are staggered as indicated in figure 2. 

The inside of the box is further equipped with rails along both sides, not too 
close to the bulbs, to hold two removable stout wire mesh trays. A centigrade 
thermometer is hung on the inside of the door, its mercury bulb insulated against 
the glass by a piece of very thick cardboard. Thus the temperature within the oven 
can be read at a glance without opening the door. For purposes of comparison 
and checking, another thermometer may be attached to the rear wall in such a 
manner that it also may be read through the closed door. 


From the Hastings State Hospital ; Juul C. Nielsen, M.D., superintendent. 
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Paraffin is kept in metal cups with handles, numbered on the outside, and a 
mixture of xylene and paraffin (or of dioxane and paraffin) is kept in a glass jar 
on top of the box for prewarming and saturating the specimens before embedding. 

If the box is to be used as an incubator or for any purpose which requires that 
specimens be kept away from light, the test tubes or other objects may be wrapped 
in black paper such as that in which x-ray films are shipped. In order to insure 
a more even temperature on all parts of the specimen, the latter may be placed in a 
container filled with water. 

A wide range of temperature can be achieved with this equipment. With the 
bulbs now in use, the lowest temperature which I have been able to maintain was 
a temperature of about 27 C., and the highest, a temperature of about 86 C., the 
latter without apparent damage to the bulbs or other parts. Once the highest 
desired temperature has been reached (the rise is gradual), the oven will maintain 
this temperature on a surprisingly even level, provided the outside temperature 
(room) does not fluctuate too markedly while the box is in use. 

All outside surfaces should be well painted, preferably in white. The approximate 
dimensions are given in the accompanying illustrations, and are based on the 
greatest degree of practicability (i. e,, case of getting at all parts of the box, 
visibility, available space and uniformity of temperature) but may be varied at will. 
This applies also to the number of light bulbs and trays. The oven described 
here is the third I have put in use, all three differing somewhat from one another, 
and is, so far, the most efficient. 

The cost of construction, especially in an institution maintaining its own 
carpenter shop and tinsmith, is obviously extremely low, and the cost of upkeep 
is negligible, as the bulbs will last a surprisingly long time and use little current. 

SUMMARY 

A “home-made” embedding oven is described in detail, with its uses. 

The chief advantages are the low initial cost, the low cost of upkeep, 
the great convenience in use and the wide range of usefulness. 

The chief disadvantage is the difficulty of maintaining an inside 
temperature at a constant level if the outside temperature fluctuates too 
widely. 
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ELASTIC TISSUE 
GEORGE M. HASS, M.D* 

BOSTON 

(Concluded from page 365) 


PATHOLOGY 

The pathologic histology of the elastic fiber may be reviewed briefly 
in preparation for a general discussion of the alterations which occur 
in elastic tissue in abnormal bodily states. Atrophy of the elastic fiber 
is characterized in the early stages by partial or complete loss of 
specific staining qualities. This refractory stage in case a large fiber is 
concerned is often preceded b}'’ segmentation of the fiber. Subsequently, 
there is diminution in thickness and ultimate disappearance of the fiber. 
The assumption of basophilic staining qualities with concomitant loss 
of affinity for the orcein stain is another common observation. Other 
evidences of degeneration are skein formation of networks and aggre- 
gation of fibers into masses. The individual fibrils may show various 
thickenings, transverse fractures, granular disintegration, longitudinal 
fission, vacuolation or fatty degeneration. 

In order that there may be some correlation of the pathologic data, 
the various abnormal states will be grouped under several headings, 
under which will be treated certain inflammatory, degenerative, neo- 
plastic, vascular, endocrine and congenital diseases, as well as mechan- 
ical or chemical factors. 

Inflmmmtory Diseases . — Inflammation is almost always accompa- 
nied by deterioration of the elastic tissue. The degree and the rapidity 
of degeneration vary in different inflammatory processes. A satis- 
factory explanation for this variability has not been given. Certain 
general rules, which apply principally to the type of the inflammatory 
response rather than to its etiologic nature, have been advanced. There 
are reasons, however, for believing that different etiologic agents may 
exert different influences. The chief deleterious factors have been attrib- 
uted to inundation of tissues with alkaline fluids, accumulation of hypo- 
thetic toxins, infiltration by inflammatory cells, proliferation of fibro- 
blasts and especially deposition of collagen. 

The acute exudative processes usually are characterized by earl}'^ 
disappearance of the staining capacity of the elastica, with thinning of 
the fibrils, followed by almost complete disappearance of networks at 


* Past Member of the Society of Fellows, Harvard University. 



582 


ARCHIVES OF PATHOLOGY 


Paraffin is kept in metal cups with bandies, numbered on the outside, and a 
mixture of X 3 dene and paraffin (or of dioxane and paraffin) is kept in a glass jar 
on top of the box for prewarming and saturating the specimens before embedding. 

If the box is to be used as an incubator or for any purpose which requires that 
specimens be kept away from light, the test tubes or other objects may be wrapped 
in black paper such as that in which x-ray films are shipped. In order to insure 
a more even temperature on all parts of the specimen, the latter may be placed in a 
container filled with water. 

A wide range of temperature can be achieved with this equipment. With the 
bulbs nowin use, the lowest temperature which I have been able to maintain was 
a temperature of about 27 C., and the highest, a temperature of about 86 C., the 
latter without apparent damage to the bulbs or other parts. Once the highest 
desired temperature has been reached (the rise is gradual), the oven will maintain 
this temperature on a surprisingly even level, provided the outside temperature 
(room) does not fluctuate too markedlj'- while the box is in use. 

All outside surfaces should be well painted, preferably in white. The approximate 
dimensions are given in the accompanying illustrations, and are based on the 
greatest degree of practicability (i. e., ease of getting at all parts of the box, 
visibilit}’', available space and uniformity of temperature) but may be varied at will. 
This applies also to the number of light bulbs and traj's. The oven described 
here is the third I have put in use, all three differing somewhat from one another, 
and is, so far, the most efficient. 

The cost of construction, especially in an institution maintaining its own 
carpenter shop and tinsmith, is obviously extremely low, and the cost of upkeep 
is negligible, as the bulbs will last a surprisingly long time and use little current. 

SUMMARY 

A “home-made” embedding oven is described in detail, with its uses. 
The chief advantages are the low initial cost, the low cost of upkeep, 
the great convenience in use and the wide range of usefulness. 

The chief disadvantage is the difficulty of maintaining an inside 
temperature at a constant level if the outside temperature fluctuates too 
widely. 
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ELASTIC TISSUE 
GEORGE :vr. HASS, xM.D* 

DOSTOX 

(Concluded from page 365) 


PATHOLOGY 

The pathologic histology of the elastic fiber may be revie^Yed briefly 
in preparation for a general discussion of the alterations which occur 
in elastic tissue in abnormal bodily states. Atrophy of the elastic fiber 
is characterized in the early stages by partial or complete loss of 
specific staining qualities. This refractory stage in case a large fiber is 
concerned is often preceded by segmentation of the fiber. Subsequently, 
there is diminution in thickness and ultimate disappearance of the fiber. 
The assumption of basophilic staining qualities with concomitant loss 
of affinity for the orcein stain is another common observation. Other 
evidences of degeneration are skein formation of networks and aggre- 
gation of fibers into masses. The individual fibrils may show various 
thickenings, transverse fractures, granular disintegration, longitudinal 
fission, vacuolation or fatty degeneration. 

In order that there may be some correlation of the pathologic data, 
the various abnormal states will be grouped under several headings, 
under Avhich will be treated certain inflammatory, degenerative, neo- 
plastic, vascular, endocrine and congenital diseases, as well as mechan- 
ical or chemical factors. 

Injiammatory Diseases . — Inflammation is almost always accompa- 
nied by deterioration of the elastic tissue. The degree and the rapidity 
of degeneration var}'- in different inflammatory processes. A satis- 
factory explanation for this variability has not been given. Certain 
general rules, which apply principally to the type of the inflammatory 
response rather than to its etiologic nature, have been advanced. There 
are reasons, however, for believing that different etiologic agents may 
exert different influences. The chief deleterious factors haA-e been attrib- 
uted to inundation of tissues Avith alkaline fluids, accumulation of hypo- 
thetic toxins, infiltration by inflammatory cells, proliferation of fibro- 
blasts and especially deposition of collagen. 

The acute exudative processes usually are characterized by early 
disappearance of the staining capacity of the elastica, AAuth thinning of 
the fibrils, folloAved by almost complete disappearance of netAvorks at 

Past Member of the Societj- of Fellows, Harvard University. 
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the height of the process (Unna, 1896). In simple erythema there is 
no appreciable disturbance of the elastica (MacLeod). 

Mechanical crushing does not seriously injure the fibers, but they 
succumb quickly in the area of inflammatory response (Katsurada). 
Within six to twenty-four hours after crushing a tissue, Katsurada found 
slight diminution in the amount of elastica and in the staining capacity 
of the fibrils. Five days later almost all fibers had disappeared. 

The effect of heat has been studied (Unna, 1896). Di-y heat caused 
disappearance of elastic networks as such, but those places where they 
normally were present elected the specific stains. The regional collagen 
was either covered by, or had a tendenc}'- to imbibe, the residual elastin. 
Boiling water produced similar changes in the elastica, but no elastin was 
imbibed by the collagen. Luithlen did not agree with Unna. He con- 
tended that burning was not injui'ious to the elastica. 

In bronchopneumonia Sawada failed to find any definite atrophy of 
elastica. Jores (1902) showed that the apparent diminution of elastic 
tissue in lobular pneumonia was at least partly dependent on the loss 
of the normal staining reaction. In chronic pulmonary consolidation 
Ponfick found the elastica either reduced to a few scattered remnants or 
invisible. 

In erysipelas, phlegmonous infiltration of the cutis and purulent 
processes the elastic tissue undergoes extensive degeneration. In ery- 
sipelas it perishes from colliquation, the early stages being characterized 
by loss of specific staining qualities and thinning of fibrils, while at the 
height of the reaction the networks are rarely visible (Unna, 1896). 
Similar changes have been found in phlegmonous infiltration of the cutis. 
In these instances segmentation, loss of staining i-eaction and thinning 
of fibrils represent successive stages of degeneration (Jores, 1902). In 
purulent processes there are, in addition to purulent disintegration, seg- 
mental degeneration of large fibers and atrophy of delicate fibrils. The 
elastica may remain in this state of degeneration for a long time (Jores, 
1902). B. Fischer described similar changes in the walls of veins which 
were involved b}’- purulent thrombophlebitis. 

Various changes in a few other lesions of exudative nature have been 
described. The elastica largely disappeared below lesions of dermatitis 
herpetiformis (White) and pemphigus (Luithlen). Luithlen stated 
that hemorrhagic lesions and the cutaneous lesions in variola did not 
affect the elastica. Kreibich could not fully confirm these observations. 
In contrast to the general rules in inflammation, V^hite found an increase 
in the elastica of the corium and vessels beneath an ulcer -caused by 
the diphtheria bacillus. 

Productive inflammator}’- processes, especially those of a chronic 
nature, are usually characterized by the most extreme degree of degenera- 
tion of elastic tissue. It is in these lesions that cellular infiltration, 
fibroblastic proliferation, the formation of granulation tissue and cicatri- 
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zation exert those effects by which a more or less permanent and com- 
plete degeneration or atrophy of the elastica is brought about. 

Tuberculosis serves as a classic example of tliis type of lesion. In 
the granulation tissue of tuberculosis the elastica degenerates rapidly and 
extensively (du iSIesnil de Rochemont ; Krosing and Passarge : Unna, 
1896; Guttentag; Lewinsberg, and others). Schmaus found that the 
primary tubercle is not always depleted of elastica but that the greatest 
injury occurs in the vascularized granulation tissue. Also there may be a 
regional zone of atrophy around tuberculous areas, even though the 
remaining structural elements are normal (Jores. 1902; du iNIesnil de 
Rocliemont). In lupus eiuthematosus. whicli is questionably of tuber- 
culous origin., Unna (1896) found the elastica unusually normal even 
where collagen had disintegrated. Melnikow-Raswedenkow described 
degeneration of the elastica in tuberculosis of the testis: Orth conhrraed 
his findings. Federmann believed that in the early stages of testicular 
intracanalicular tuberculosis the elastica disappeared first in the walls of 
the tubules which were involved by the granulation tissue. In the caseous 
areas INIelnikow-Raswedenkow noted that the elastica was not seriously 
injured. This is in accord with his obserrations on the good state of 
presen'ation of elastica in the necrotic portions of splenic infarcts and 
with those of Passarge in nonsuppurative gangrene of the skin. Feder- 
mann concluded that the more rapid and widespread the caseation 
necrosis the less was the destruction of elastica. When softening 
occurred in the caseous areas, the elastica was destroyed rapidly. 

The injim- to the elastica in tuberculosis is so prominent that this 
feature has been used in the differential diag^iosis between syphilis and 
tuberculosis. This difference stimulated several authors to postulate a 
theory of specific elastotoxins. Wechsberg. an advocate of tliis theori*, 
found tliat the lesions produced experimentally by emboli of tubercle 
bacilli in the lungs were cliaracterized after six hours by atrophy of the 
elastica of the involved vessels. After forU'-eight hours there was degen- 
eration of the elastica between tlie alveoli. 

The fate of the degenerated elastic fibrils has been commented on bi* 
many authors. Unquestionably, many are destroyed completely. Unna 
(1896) contended that no new elastic fibers were formed in the cicatrices 
of tuberculosis but that during cicatrization remnants of elastica might 
be included in the scar tissue. The possible role of the giant cells is 
of interest. Ssudakewitsch and Unna ( 1896) demonstrated remnants of 
fibers in tliese cells. Some fibrils stained well and others poorly. Lew- 
insberg found that there was a direct proportion between the number of 
giant cells which contained fibrils and the amount of elastica in the tissue. 
Rona was able to show that calcific clumps in giant cells were calcified 
fragments of elastica. He assumed that the calcification occurred within 
giant cells because the extracellular fibers contained no calcium. He 
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demonstrated also that there was deposition of iron as well as of calcium 
around the phagocytosed fibrils. 

Federmann studied syphilis of the testis. In early interstitial orchitis 
the elastica in the walls of seminiferous tubules remained intact. So soon 
as the inflammatory process involved the walls and lumens of tubules 
the elastic fibers became separated, and eventually they disappeared. The 
interstitial tissue in fibrous interstitial orchitis contained a few elastic 
fibrils, which may have been remnants of injured elastica or possibly 
new-formed fibrils. In contrast to tuberculosis, the fibers around the 
tubules were retained, even though the lumens of tubules were often 
completely obliterated. Gummas were similar to the caseous lesions of 
tuberculosis in that there was preservation of elastic networks until 
softening or purulent necrosis occurred. At this stage the elastica 
promptly degenerated. 

Krdsing described atrophy of elastica in the zones of exudation 
and cellular infiltration in syphilitic papules. After the exudate had 
been resorbed, he found that the elastic networks presented an 
essentially normal appearance. From these observations he concluded 
that the fibers which had lost their staining qualities during the active 
phase of the inflammation had regained their affinity for elective stains 
after the subsidence of the reaction. 

Unna (1896) in a study of the primary lesion of syphilis found 
that at the height of the development of the chancre all elastica had 
disappeared. 

Other diseases which are characterized by the proliferative nature 
of the inflammatory reaction show rather extensive degeneration of the 
elastica. By the time that the leprous nodule is well formed, the elastic 
fibers terminate abruptly at the periphery of the nodule and are absent in 
the interior. Unna (1896) stated that no new fibrils are formed. Frag- 
ments of elastica encrusted with iron and calcium were found by Rona 
in the giant cells. Fibers also were found in the giant cells in pascha- 
churda (Ssudakewitsch) and cutaneous sarcoid (Hektoen), both being 
diseases in which the elastica is destroyed. In the granulomatous areas 
of frambesia (White) and cutaneous blastomycosis (Unna, 1896) the 
elastica is practically absent. 

The less productive inflammatory processes are characterized by 
deterioration of the elastica, which usually is not as complete or as 
widespread as in the so-called typical granulomatous lesions. In ulery- 
thema. sycosiforme (Sack) and in ulcus serpiginosum (Unna, 1896) there 
is atrophy of elastica in the areas of cellular infiltration. Unna ( 1896) 
stated that in eczema the elastica is destroyed only in areas of massive 
cellular infiltration. Du Mesnil de Rochemont found that in chronic 
eczema the atrophy was in the neighbrohood of the areas of great 
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cellulai* infiltration or perivasculitis. In dermatitis exfoliativa the elastica 
is normal except in the areas of cellular reaction (White) . White found 
that in pityriasis rosea there is great reduction in the amount of elastica 
in the papillary and subpapillary layers of the cutis. 

Other conditions which are characterized usually by a slight degree of 
inflammation may atfect the elastica. White found that in Paget's disease 
of the skin there is atrophy in areas of cellular reaction but hyperplasia 
adjacent to these areas. In molluscum contagiosum he found diminution 
or complete absence of elastic fibrils. Jadassohn stated that in striae 
gravidarum the atrophy is preceded and accompanied by chronic inflam- 
matory cell infiltration. In these areas of infiltration the degeneration of 
elastica is similar to that which is found in atrophia maculosa cutis. 
Heuss confirmed these observations and contended that atrophy of elastic 
tissue may proceed without concomitant degeneration of collagen. Huber 
described diminution of elastica in the areas of cellular infiltration in 
atrophia idiopathica diffusa progressiva. There may be thickening of 
elastic fibers in scleroderma, although partial destruction of the elastica 
is common (MacLeod). In an instance of bronchial asthma Wawerla 
found degeneration, calcification and iron impregnation of elastic fibers 
in the vessels, bronchi and stroma of the lungs. There was a foreign 
body reaction around degenerated remnants of elastic tissue. Pagel in a 
study of several cases of bronchial asthma concluded that the only sig- 
nificant alteration in the elastica is an increase which may occur in the 
walls of medium-sized bronchi. 

Cicatrization has been studied by several observers. Unna (1896) 
believed that granulation tissue becomes free from elastica before it is 
converted into scar tissue. He contended that elacin and rare elastin 
fibers may be formed in cutaneous scars. These fibers never attain the 
systematic architectural arrangement of normal networks. Jores (1900) 
stated that no elastic tissue is formed in granulation tissue. He found 
by experiment that many days or months elapsed before elastica had 
regenerated in appreciable amount in cicatrices. In those scars where 
there was great sclerosis or interstitial inflammatory reaction the elastica 
was always absent or sparsely distributed. He was not able to find 
elastic tissue in keloids. In regard to connective tissue overgrowth, it 
seems peculiar that in cirrhosis of the liver and in renal cicatrices elastic 
fibers often have been found where none was present previous to the 
injury. 

It is quite probable that as a result of various lesions the state of 
preservation or the degree of regeneration of elastica may govern to 
some extent the nature of the scar. MacLeod stated that if elastic fibers 
were destroyed in an infectious granuloma, an atrophic scar was the 
result. He contended that if elastic tissue forms an exoskeleton which 
supports the collagen, a simple rupture of elastic networks will allow the 
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collagen to expand, the superficial furrows of the skin will disappear 
and a smooth scar such as is found in striae and syphilitic rhagades 
will be the result. It is only fair to add here that much work remains 
to be done before one may gain an understanding of the peculiarities 
of cicatrization, not only in regard to certain disease processes but also 
in relation to the variation among different persons. 

Vasctilar Disease . — Whenever mention is made of pathologic changes 
of the vascular system, the mind is inclined to dwell on those inevitable 
changes which accompany and often blight the advancing years. These 
vascular changes have been divided into two groups, one representing 
the decay of age and the other the enigma of what some choose to call 
atherosclerosis. Many consider them as the result of distinct and sep- 
arate processes. Each may well gain its end with seeming indifference 
to the other. More often the}'^ unite to cut short the span of life. 

The effects of age become manifest soon after life has begun. For 
the most part they pursue a relentless course, retarded in some persons 
and hastened in others, but still adhering to an established sequence. 
Early in fetal life the aorta and other arteries show progressive increase 
in the connective tissue framework. This is accompanied by gradual 
reduction in the elasticity of the vessel. This process varies in the 
different arteries as well as in the tunicas of the same artery. It may 
be studied readily in the intima, where there is gradual increase in the 
amount of elastic tissue as well as in that of collagen. The increase in age 
favors the eventual predominance of the latter. During the period from 
birth to middle life, the original internal elastica lamina in certain larger 
arteries and in the aorta splits into two or three layers. This increase in 
elastica soon ceases, and in the senile period the new formed laminae 
may atrophy and disappear while the collagen is retained. Also, age 
brings increase in the elastic and collagenous tissue of the media. Similar 
alterations in the tissue elements of the adventitia are of less significance. 
Thus, certain changes occur which dispose the vessel walls to become 
thick and firm. The concomitant loss of elastic tone allows for dilatation, 
elongation and tortuosity of vessels. These changes are well recognized 
and may be detected as readily in the retinal arteries as in the aorta. A 
similar process may progress with remarkable rapidity in such vessels 
as those of the placenta, where the span of life of arteries is but a few 
months. 

The means by which these changes are brought about have been 
considered by Wells. He believed that the aging of vital tissues is 
analogous to the aging of colloidal gels. In both processes there is 
decrease in hydration with advancing age. This is associated with 
decrease in elasticity and flexibility. Inasmuch as repeated alterations 
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in degrees of dispersion of colloidal gels or emulsions diminish their 
capacity for returning to the original degree of dispersion, Wells 
expressed the interesting idea that this rule may be applied to the vital 
elastic colloid, elastin. In support of this is an extreme example : 
Apparently elastic fibers which have been damaged by overstretching 
are particularly prone to undergo calcification and iron incrustation. 

One of the most common morphologic changes in the elastica of 
aging vessels is "granular” degeneration. \^Alls considered this as 
possibly a late visible stage in the dehydration of elastin, being evidence 
of aggregation of colloidal micellae. At first this is more prominent in 
the inner part of the media. Graduall}' it progresses toward the adven- 
titia. When the degeneration is great, the granules collect in small 
clumps between the lamellae. The large lamellae of elastica are unequally 
swollen and show areas that stain poorly with orcein. These parts 
atrophy so that the concentric bands appear to be discontinuous. Some 
fibers show the elacin reaction. Schultz was able to follow the pro- 
gressive change of elastin into elacin, the process beginning in child- 
hood and increasing with age. Granular degeneration and diminished 
affinity for elective stains are found commonly in the inner sheaths of 
the internal elastic laminae of small and medium-sized arteries. Ribbert, 
Reich and Jores (1902) found a definite relation between granular 
degeneration of elastica and fatty deposits in the intima. 

There is a tendency for aging or overstretched elastic fibers to imbibe 
or absorb substances of low solubility. Because of this property, the 
fibers become impregnated or coated with such materials as calcium, 
iron and silica. There is no apparent uniform proportion between the 
amounts of each which are deposited. The microscopic structure of the 
calcification often shows a radiating or concentric arrangement, which 
supports the theory that the deposits are formed under the rules which 
govern the deposition of crystalloids in colloidal matrices under the 
influence of colloidal forces (Rusznyak). 

It has been said that normal arteries contain a small quantity of 
calcareous material (Ribbert; Klotz; Faber). This can be demonstrated 
in the first years of life and occasionally before birth. Later in life it 
occurs chiefly in the elastic lamellae of the media of elastic arteries. 
Also, calcification of the internal elastic membrane is common. Here 
calcium granules may be found either in or alongside the fibrils, which 
are often undulate or fragmented. Ameseder found that in the human 
aorta decrease in elastin is proportional to increase in inorganic 
substances. 

Ravault (1929) studied calcification of arteries by the method of 
microincineration. He found calcific deposits in the media of aortas 
that were histologically normal. He believed that the calcium was 
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associated with elastic elements and occasionally was incorporated in the 
elastic substance. Furthermore, he stated that the media adjacent to 
the calcified intima of diseased vessels is often uncalcified and shows 
less than the expected normal content of ash. In the Monckeberg hype 
of medial calcinosis he found the mineral deposits in and around the 
collagenous and elastic elements rather than primarily in muscle fibers. 

Atherosclerosis, according to most authorities today, is a process that 
is fundamentally distinct from the 'process which is discussed in the 
preceding pages (Aschoff). Although degeneration of the elastica often 
may precede or accompany the deposition of atheromatous substances, 
the two processes fail to exhibit any impressive parallelism. In fact, 
Anitschkow stated that in experimental cholesterol atherosclerosis of 
rabbits the elastic lamellae act as barriers to the infiltrating lipoids and 
that there is no fatty infiltration of the elastic laminae such as may be 
found in man. 

Other pathologic states which may involve the elastica are accumula- 
tions of so-called “mucin,” “hyalin” or “antyloid” in the vascular wall. 
The extent to which degeneration of elastica is dependent on these sub- 
stances is unknown. There is no incontrovertible proof that one process 
is intimately allied with the other. Schultz demonstrated “mucin” in 
arterial walls. He believed that it had an affinity for fat and calcium. 
The deposition of hyalin and amyloid may be so extensive that elastica 
cannot be demonstrated. In these instances it has degenerated com- 
pletely, has lost its elective staining qualities or has become obscured. 

The effects of mechanical injur}^ to the elastica of vessels and the 
result of such injury have receiA^ed careful study. Jores ( 1900 ) 
described a new formation of elastica in the intima of A’^essels Avithin 
eight to ten days after ligation. This Avas Avell developed Avithin tAventy 
days. Later ( 1902 ) he A\^as able to show that after traumatic injury 
to the vessel AA^all abundant regeneration of elastica occurs. In this 
regard it may be said that neAV-formed vessels CA'^entually may gain .a 
full complement of elastic netAvorks and that formation of elastic tissue 
in organizing thrombi is of common occurrence. Petroff and GlasunOAV 
found that lesions caused by pinching or cauterization of arteries lead 
to increased permeability of the arterial Avail. The subsequent changes 
in arteries of the elastic type depend on the degree to AALich the elastic 
frameAA’ork of the Avascular Avail has been injured (SsoloA\qeAv 1929 ). 
Great injury results in replacement by granulation tissue, AA’^hich arises 
at first in the adventitia. If all elements except the elastica are injured, 
there is regeneratiA’-e proliferation of the cellular parts of the uninjured 
media. In this repair ucav elastic fibers may be formed. 

The role of the elastic networks in the formation of aneurysms Avas 
discussed at great length by early authors. Y on Recklinghausen, Helm- 
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stsdter. ^lancho: and Eppinger believed iliat tlie basic factor leading to 
the development of the aneurysm is a ruptitre of elastic libers. They 
contended tliat tlie sharp interntption of the continuity of tlie elastic 
lamellae fa.voreG tlie thesis that tlte rupture is of mechanical rather than 
of inflammatory origin. Koester. Krant and Ztturueeg considered these 
ruptures as secondary to inflammatoty' processes. 

Thoma emphasined dte significance of altered elastica in the patho- 
genesis of arteriosclerosis. He directed attention to small fissures or 
defects in the media. These seemed to be indepeudent of the state of 
presemution of the regional elastica. He believed that in addition to the 
disruption of the elastica there is an involvement of smooth muscle cells 
and connective tissue. He commented on the presence of cicatrices and 
leukocytes in the regdon of tears and noted that degeneration of the 
medial elastica usually is found only where tltere is a fairly cellular 
overgrowth of connective tissue. Ssolowjew (1930. 1932) produced 
isolated tears in the elastic lamellae of the inner layers of the media by 
mere displacement of tlte carotid artery. The tears appeared after a 
lapse of time. The process of repair eventually was completed by replace- 
ment of the teams chiefly by intimai plaques that contained elastic 
elements. 

If one assumes that the rules for elastic colloids in Htro are appli- 
cable to elastic tissue, repetition of extension, even widiin physiologic 
limits, soon udll reduce the el?.sncitv of this tissue and increase its 


elastic resistance. .A.p{xirently elastic fibers are damaged by overstretch- 
ing. and it is said that fibers so treated are prone to bind calcium and 
iron. Tltis mav be of interest in relation to h\q'>enension. It has been 
kno\\m for a long time that chronic h^ytertension and reduplication of 
elastic laminae in the intima of renal arteries usually occur together. A 
similar, although somewhat ditterenr, picture is found in the compensa- 
toiy adjustment of an artery to a. decreased blocKl flow. In this 
instance, loose collagen and elastica srairaerrically thicken the intima 
and thereby reduce the sire of tlte lumen. The several nyes of arteritis 
of specific or nonspecific nature show Atirious degrees of deterioration 
and reparative regeneration of the elastica. These usually follow the 
rules which govern the general changes in inflammatory conditions. They 
have been considered elsewhere and need ito repetition. 

Thromboangiitis obliterans, because of its pecttliar character, may 
be considered in more detail. Similar pathologic changes may ocair in 
Raxmaud's disease, aneriosclerosis and scleroderma. Krompeclter (1930) 
believed that the stenosis of the lumens of certain vessels ^^■as produced 
primarily by proliferation of specific cells, "the elastoblasts.” He dem- 
onstrated a delicate elastic membrane around each elastoblast. He con- 
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tended (1931 [c])that formation of elastica occurs only if these cells 
are present and that these cells degenerate as soon as the elastic elements 
are fully formed. The same process may be repeated in such a way 
as to cause stenosis of the lumens of the vessels which form in thrombi. 
Jager made a careful study of thromboangiitis obliterans. He found 
that during the acute stages the elastica of the vessels was chiefly 
unstainable. In later stages the elastica often showed variable changes. 
The external elastic membrane frequently was disrupted and calcified. 
There was rarely a foreign body reaction to the remnants of elastic fibers. 
The adventitia usually showed an increase in the elastica. The chief 
findings in small vessels were folding of the internal elastic membrane, 
intinial thickening and in the later stages increase in the elastic fibers of 
the intima. 

Although not of inflammator)'^ origin, the alterations which occur in 
the ovarian and uterine arteries under various physiologic stimuli are 
of unusual interest. Woltke, Kon and Karaki and Boshagen described 
medial degeneration and endarterial formation of new vessels in the 
arteries around ovarian follicles. Eden and Lockyer described a similar 
process in uterine arteries. The peculiar changes which have been desig- 
nated as ovulation and menstruation sclerosis were studied carefully by 
Sohma. Before the establishment of menstruation the cortical arteries 
of the ovaries are devoid of elastic tissue except for a single internal 
elastic membrane. With the beginning of the menstrual periods an 
elastic network appears in the muscularis and often condenses to form 
an elastica externa. During menstruation there is distention of arteries. 
Serous exudate penneates the walls, and fibers rupture. After men- 
struation a network of elastic fibers reforms in the media. Similar 
changes occur in vessels around a ripening follicle. After rupture of the 
follicles there is great increase in the medial elastica, and the muscle is 
replaced by a fibroelastoid substance. Beneath the vascular endothelium 
a new media appears. This displaces the degenerated media toward the 
periphery. This process may be repeated during several ovulations so 
that the elastic remnants of two or three medial layers which have 
degenerated in succession may be found encircling the vessel. 

Similar degeneration and reformation occur in uterine arteries on 
termination of pregnancy. At the menopause the arteries of the uterus 
and ovaries show atrophy of the peripheral medial remnants and of the 
internal well formed media. During this involutional period senile 
arteriosclerotic changes commonly are superimposed on the physiologic 
retrogression. 

The rapid involutional changes which occur in the placental arteries 
and the ductus arteriosus are somewhat analogous but not identical to 
those which are described in the foregoing paragraph. 
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Little seems to be known about lesions of the elastica which may be 
produced by toxins or those which may occur in ‘“allergic" responses. 
The deleterious effects of diphtheria toxin on the walls of blood vessels 
are well known. j\Iany authors have contended that epinephrine is 
injurious to the vessels. The , sclerosis induced in rabbits by experi- 
mental administration of epinephrine occasionally is cliaracterized by 
stretcliing and disintegration of the elastica. These clianges are late 
manifestations and follow the deposition of calcium granules in the 
ground substance. There may be new formation of intimal elastica. 
These are not specific clianges because many substances produce altera- 
tions similar to those observed in epinephrine-induced sclerosis 
( Anitsclikow) . 

The elastica of veins may be affected in many ways. The changes 
occurring with advance in age are similar to those whicli occur in 
arteries, but there is less hyperplasia of the elastica. Increase in collagen 
conunonly occurs throughout the wall, but atheromatous and calcific 
deposits are rare. The most important changes are those which result 
from stasis of blood. In sucli instances tliere is primarily degeneration 
of smooth muscle cells and of elastic fibers in tlie media. New-formed 
elastic and collagenous fibrils commonly appear in the intima adjacent to 
the areas of degeneration and fibrosis in the media (Scagliosi). In 
acute phlebitis and purulent thrombophlebitis widespread degeneration 
and disappearance of elastica often occur (Fisclier). 

Dcgoicrafivc Diseases . — ^This is not a satisfactory" subgroup, but it 
includes certain conditions which are characterized by atrophy and degen- 
eration of the elastica. independent for the most part of mechanical or 
inflammatory' influences. Among these conditions certain cutaneous dis- 
eases, especially tliose yvhicli accompany advanced age and certain degen- 
erations of blood vessels, have received tlie most study. 

Senile atrophy of the skin is accompanied by important alterations in 
tlie elastic networks (Scliraidt). In the skin of the face the fibrils 
become syvollen. They undergo granular degeneration and gatlier in 
hy-aline masses. The syvelling of the fibrils is eitlier diffuse or in tlie 
fonn of numerous varicose thickenings so spaced as to suggest a rosary*. 
The fibrils may either retain tlieir specific staining reaction or develop an 
affinity for dyes that are rejected by nonnal fibers. In the second form 
of degeneration the fibrils disintegrate into granules yvhich are higlily 
refractile and yvhich retain tlie elective staining qualities. This ti'pe of 
deterioration finally may lead to formation of strands or irregular clumps 
of granules, yvhich tend to coalesce so as form homogeneous masses. 
Schmidt believed that in this yvay hy-aline masses yvhich have an affinit}- 
for the elastic stains are formed. These may become so numerous tliat 
in certain severe cases structureless homogenenous masses replace a large 
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part of the upper cutis and in rare instances may be distributed through- 
out the entire cutis. Reizenstein, Krdsing and Passarge and Krzysz- 
taloudcz, however, contended that the strands and clumps are comprised 
of a maze of ver}^ delicate fibrils rather than of conglomerate masses of 
fused granules. 

Unna (1896) found that some of the fibers in senile skin which stain 
weakly with orcein haA’^e an affinity for basic aniline dyes. He believed 
that there was some chemical alteration of the substance of the fibrils. 
He named the changed substance elacin to distinguish it from elastin of 
normal tissue elements. The substance elacin is found especially in 
senile skin and in otlier conditions in which atrophy is prominent. In 
addition to alterations in the elastica, he described changes in the collagen 
of senile skin. The substance of fiber structures which have the physical 
appearance of collagen but the staining qualities of elastin, he named 
Kollasfin. The substance of collagenous fibrils Avhich have the staining 
reaction of elacin was designated by him as Kollacin. In colloid degener- 
ation of the skin he believed that the “colloid" is formed from KoUastin, 
and that with its appearance the specific elastin stain is lost. 

Reizenstein found that the changes described in the elastica of senile 
skin are not restricted to the skin of old people but are detectable in 
persons as young as 26 to 28 years of age. Unna (1896) confirmed 
this and concluded that the “senile” type of degeneration of elastica is 
less dependent on age than on climatic influences. Krzystalowicz agi'eed 
with Unna. He described elacin in the upper layers of the cutis in 
3foung persons and in the deeper layers in older persons. KoUastin . 
appeared in the upper layers of the skin of young persons, while Kollacin 
formed in larger amounts in aged persons. He noted that the various 
changes Avere more prominent in men than in Avomen, especially among 
the laboring classes. Furtheimore, the exposed parts of the body occa- 
sionally AA^'ere the only areas AAffiich shoAved changes. 

Himmel emphasized the occurrence of areas of cellular infiltration 
in the skin. He believed that the “senile” changes in the elastica might 
be attributed to inflammatory reactions to unknOAAUi deleterious agents. 

There are a fcAv other cutaneous lesions in Avhich the elastic tissue 
shoAvs changes that may be considered degenerative. In striae gi'avidarum 
and striae distensae the beginning of the deterioration of the elastica 
is associated Avith chronic infiltration of the tissues by inflammatory 
cells. This fact does not exclude entirely the possible importance of 
hereditar}^ mechanical or endocrine factors. These Avill be discussed 
elseAvhere. Jadassohn found that the degeneration of elastic tissue in 
atrophia maculosa cutis is similar to that AAffiich occurs in striae 
gravidarum. Huber described significant diminution of elastica in 
atrophia idiopathica diffusa progressiA’a. This occurs chiefly in areas 
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of cellular infilti'ation iu the subpapillary zone of the cutis. The atrophy 
of elastica which may result from prolonged edema and that whicli 
may occur in scleroderma will be considered elsewhere. White found 
slight diminution of elastica tissue in the deep layers of the corium 
in cutaneous amyloidosis. In pingueculae Fuchs described skeins and 
clusters in which the elastic fibrils were so delicate that the aggregates 
resembled homogeneous masses. Here there was definite degeneration 
of networks. 

An important group of cutaneous lesions, described as xanthomatous 
in nature, are characterized by degeneration of the elastica, with forma- 
tion of clumps and skeins of fibrils. Darner segregated a group in 
which there were similar pathologic changes. He gave this entity the 
name “pseudoxanthoma elasticum.” Since his original description other 
names such as “elastoma” and “elastic naevus” have been applied to 
the condition. This disease usually is found in young people and often 
is familial. The primary lesions tend to be papular and symmetrically 
distributed. The}-^ appear chiefly in the skin of the unexposed parts of 
the body, especially in the regions of articular folds. Here, the skin 
may become greatly pendulous. Darier described an increase in the 
elastic substance of the skin. Many fibers were thickened, basophilic, 
vacuolate, nodular or ruptured. Sometimes they were in clusters or in 
the form of scattered granules. Throne and Goodman reviewed the 
literature carefully. They found that the elastica in the middle and 
deep portions of the corium showed the greatest degeneration. This 
was exhibited chiefly by swelling, proliferation and fragmentation of 
fibers. The collagen was either normal or swollen and basophilic. Giant 
cells in which fragments of elastica were found were occasionally 
present. Calcification rarely occurred. Sternberg did not believe that 
the masses of “elastica” in pseudoxanthoma elasticum were of elastic 
tissue region. Gronblad in an excellent monograph emphasized the high 
incidence of “angioid streaks” of the retina in the disease. He 
attributed their formation to degeneration of the choroidal elastica and 
contended that the syndrome was a manifestation of a systemic disease 
of elastic tissue, affecting chiefly the skin, buccal mucosa and heart. 
Another site of predilection was the choroid, by the involvement of 
which angioid streaks of the retina were formed. Apparently the blood 
vessels were affected to a lesser extent. 

Jones and his collaborators did not believe that the disease could 
be differentiated histologically from senile elastosis. They contended 
that the disorder should be. considered as a peculiar manifestation of 
early cutaneous changes similar to those in senile skin. Lewis and 
Clayton also found that the processes were similar. Montgomery 
contended that in typical cases the degeneration seemed to be almost 
entirely confined to the elastica and that one should be able to differen- 
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tiate the disease from senile elastosis. He expressed the belief that 
the disease was the result of defective formation of elastic tissue. 

A process closely akin to that of pseudoxanthoma elasticum has 
been described by Juliusberg. In this disease there were yellowish 
cutaneous lesions which resembled scars. In these areas the altera- 
tions in the elastica were similar to those in pseudoxanthoma elasticum. 

In retrospect, the evaluation of certain studies of cutaneous elastica 
should be guided by a thorough knowledge of the normal variations 
in elastic tissue. Awoki found in grossly normal skin from routine 
autopsy material that elastic tissue showed wide variations which were 
witliin the limits of many “pathologic” changes attributed by other 
authors to the effects of disease. 

The degeneration of the elastica which accompanies advanced age 
may be found not only in the skin but also in other parts of the body. 
In the spleen the elastica may undergo atrophy, which is especially 
prominent in the inner half of the capsule. Diminution of elastica 
is common in the sclera of aged people (Jaensch). There is a question 
as to the part played by atrophy of elastica in the senile type of non- 
obstructive pulmonary emphysema. It is well known that deterioration 
of the elastic tissue in arteries is an accompaniment of advance in age. 
These changes will be considered in greater detail elsewhere. 

Mechanical Factors . — The alterations in elastica which generally are 
assumed to be the result of mechanical forces should not be considered 
as wholly secondary to physical trauma, because often in these instances 
there is an associated inflammator}’- reaction. Neither do all observers 
lielieve that the deterioration of elastica in purely inflammatory lesions 
is of chemical origin. Du Mesnil de Rochemont contended that the 
injuries were produced by chemical influences. Guttentag and Schulz 
believed that the changes in the elastica in all lesions, inflammatory or 
otherwise, are a manifestation of pressure atrophy, such as Obermuller 
described in instances of prolapse of the vagina and prolonged use of 
a pessar}’". These conflicting opinions have been carried into the dis- 
cussions which deal with the various conditions in which there is injury 
of the elastica. 

Thus, in relation to the vascular system, the question as to whether 
the disruption of elastica fibers in arterial walls is always of mechanical 
or inflammatory origin has been studied. Von Recklinghausen found 
fissures in the media of fresh miliary aneurysms. Helmstadter, Manchot 
and Eppinger advanced the theor}"^ that a mechanical rupture of the 
elastic fibers is the basic factor which leads to the formation of an 
aneur}^sm. It is well known that in many places where the arterial 
elastic tissue has been destro3’’ecl the constituent elements of the media 
have been replaced by fibrous tissue. Koester, Krafft and Zniirdeeg 
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contended that these foci are evidence of an inflammatory process 
which involves all types of structures. jN'Ianchot, Thoma, Zwingmann, 
Schulmann and Eberhardt believed that the effects were produced funda- 
mentally by mechanical means. Manchot demonstrated abnormal 
elastica at a distance from the scarred areas. Thoma emphasized the 
significance of altered elastica as of importance in the pathogenesis of 
arteriosclerosis. He found small fissures or defects in the media. These 
appeared to be independent of the condition of the regional elastic tis- 
sue. He believed that all elements of the arterial wall frequently are 
involved and that often in the region of tears in the elastic lamellae 
there are cicatrices and leukoc}q:es. If only a few elastic fibers parted, 
it seemed that the comtective tissue and smooth muscle, even though 
not directly involved, tended to undergo atrophy and hyaline degenera- 
tion. Tores (1902) stated that although elastic fibers are destroyed by 
inflammation, a traumatic injury to the wall of a blood vessel evokes 
abundant regeneration of elastica. Fabris, after producing necrosis of 
the walls of blood vessels concluded that the destruction of elastica 
was similar to that which previously had been considered to be of 
mechanical origin. Katsurada came to the conclusion that pinching 
the skin causes no significant changes in the elastica unless there is an 
inflammatory reaction. 

The pathogenesis of cutaneous striae is not entirely clear. The 
factors which suggest a mechanical origin are as follows : the occur- 
rence of the striae with a rapid increase in body volume, their appearance 
along lines of cleavage of the skin transverse to the planes of greatest 
tension, their development in those sites where the skin is delicate, and 
finally, the interpretation of the histologic changes. Brunauer found 
certain exceptions to the mechanical theory. The exceptions indicated 
that toxic or endocrine influences may play a role. The theory that there 
ma)" be specific “elastotoxins” was entertained. 

In early hypertrophic striae or “welts.” an edema of collagen, an 
increase in the number and size of the nuclei of connective tissue cells, 
dilatation of vessels and infiltration of perivascular tissues with round 
cells and polymorphonuclear leukocytes are common (Ebert). The 
normal elastica in such striae is supplanted by a multitude of delicate, 
poorly-stained fibrillae arranged parallel to the surface of the skin. 
There is some collacin. The elastica in the atrophic striae tends to 
disappear, the connective tissue condenses, the inflammatory reaction 
subsides, and new-formed elastic fibrils may arise at the margins of 
the lesion. 

Other instances in which abnormal stresses may affect the elastica 
are pulmonar}’’ stasis, emphysema of the lungs, asthma, uterine preg- 
nancy, phlebectasia and edema. In chronic ])ulmonary congestion there 
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usually is great diminution in the amount of elastica. Jores (1902) 
showed that this was more apparent than real, because many fibers which 
remained were not readily distinguishable; they simply had lost their 
affinity for specific stains. Degeneration of elastic tissue and diminished 
elasticity of the lungs have been proposed as causes of nonobstructivc 
emphysema of the lungs. Sudsuki found that in the nonemphysematous 
portions of such lungs the elastica was normal. In the emphysematous 
portions there were variable degrees of change. The larger fibers in the 
early stages of the disease seemed to exhibit the greatest degeneration. 
Later the delicate fibrils were involved. The deterioration of the elastica 
occurred no earlier than recognizable degeneration of other tissue ele- 
ments. He concluded that emphysema is not caused by either deficiency 
or degeneration of the elastic networks. Loeschcke described hyper- 
plasia and Orsos (1906) found evidence of regeneration of elastica in 
emphysematous lungs. Wawerla described widespread degeneration, 
calcification and iron impregnation of elastic fibers in the lungs of a 
patient with bronchial asthma. Pagel stated that the only alteration in 
bronchial asthma is an increase in the amount of elastica in medium- 
sized bronchi. 

There are interesting changes in the pregnant uterus. Woltke, W. 
Pick and Iwanofif showed that there is great increase in the amount of 
elastica during the early stages of pregnancy. In the second half of 
the gestation period the fibers undergo atrophy in a manner similar to 
that which occurs in pathologic processes. At the end of pregnancy 
the diminution is so great that Davidoff and Poroschin offered this as an 
explanation for certain ruptures of the uterus. 

Scagliosi studied the effects of stasis on veins. He concluded that 
the degenerative changes in the medial elastica are secondary to the 
degeneration of smooth muscle. He described new formation of intimal 
elastica adjacent to areas of medial degeneration. 

Most authors agree that prolonged edema is very injurious to the 
elastica. The gradual disappearance of the networks in the edematous 
skin affects the delicate fibrils first. The degeneration progresses inward 
from the papillary zone and is most severe in those tissues which 
have the richest complement of elastica (Unna, 1896). 

Little is known about the atrophy of elastica from disuse except 
so far as this factor may exert an influence in the pathologic states 
which have been considered. In this regard, however, Loeschcke 
described an atelectatic accessory pulmonary lobe in which the elastica 
had failed to develop beyond the stage found in the infant at maturity. 

Of further interest are the studies on skin grafts made by Enderlen. 
In Thiersch grafts the elastic fibers gradually degenerate. New elastic 
networks develop. The new-formed fibrils appear within twenty-one 
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to thiny days. Fifteen to eighteen months later, the tissue again is 
supplied richly ^Yith elastica. The new elastic tissue does not have as 
orderly an arrangement as the networks of nomial skin. The elastica 
completely degenerates in the Krause grafts, and no regeneration occurs. 

Chemical Factors . — It would be presumptuous indeed to dwell at 
great length on alterations in the chemical environment and their pos- 
sible effect on the functional integrity or morphologic aspects of elastic 
fibers. In the preceding pages allusions have been made to a few 
of the facts which are established. The atrophy and degeneration which 
occur locally in various inflammatory lesions and in neoplasms have 
been ascribed by certain authors to chemical influences. The general 
diminution in the functional efficiency or actual deterioration of elastic 
fibers in certain .systemic diseases has been attributed to ‘hoxins” for 
want of more accurate knowledge. In experimental vitamin C deficiency 
Wilton showed that there is atrophy of elastic fibers and change of 
elastin into elacin. thus continuing the original observations made by 
Rheindorf bei Tuschler. It has been learned that applications of arsenic, 
tar and roentgen rays to the skin of mice within certain limits stimu- 
late local development of “resorcin” fibers (Biericli. 1922). The influ- 
ence of endocrine secretions and constitutional and hereditary factors 
will be considered later. 

Thus, although the chemical influences and the means by which 
they may alter the elastica are wrapped in obscurity, one knows a 
little more about the affinity of tliis tissue for certain metallic elements, 
namely, calcium, iron, silica, silver and lead. 

The affinity of elastic tissue for calcivmi and iron has been recog- 
nized for a long time. These two elements may be deposited in or 
around the fiber. Incrustation apparently is more common than 
impregnation. The two elements may occur together or independently, 
and there is no absolute ratio between the amounts of each which may 
be deposited (Gierke). An injured fiber has more affinity for these 
metals than a normal one. However, Kaiase produced calcium deposits 
in apparently normal fibers by injecting large quantities of calcium 
into animals. Learner obtained similar results with an overdosage of 
parath}Toid.^ Kdckel. Bittrolf and Davidsohn were among the first to 
demonstrate calcified and iron-incrusted fibers in the lungs. Hofmeister 
stated that calcification of the elastica in the lungs usually accompanied 
Kalkmctasfasc. Jores (1902) found that calcium often is deposited 
in and around elastic fibers in blood vessels. The elastica interna is 
involved most frequently. Ravault studied this distribution by micro- 
incineration. Ehrlich discussed fulK the iron and calcium incrustation 
of elastic fibers, especially that in the cerebral and th}Toid arteries and 


1. The preparation used was equi-ralent to solution of parathyroid U. S. P. XI, 
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in old splenic infarcts. Schuppisser described several instances in 
which the elastic fibers had attracted large amounts of iron. Lubarsch 
stated that in one t3rpe of calcium and iron deposition in the spleen the 
distribution corresponded to that of the elastica. Davis and Warren 
described calcification of the elastica of the skin in diabetes. The 
occurrence of fibrils incrusted with calcium and iron within giant cells 
was described by Rona. Pelagatti and Sprecher did not accept these as 
elastic fibers. Rona assumed that the deposition of metals occurred 
after the fiber had been engulfed by the giant cell. He demonstrated 
these fibers in giant cells of tuberculosis and leprosy. Similar inclusions 
in giant cells were found in mycosis fungoides (Delbanco), in pascha- 
churda (Ssudakewitsch) and in sarcoid-like lesions (Hektoen), 

Sobotta stated that elastic cartilage undergoes calcification much less 
frequently than hyaline cartilage. 

According to Wells, the aging of elastica enhances its affinity for 
silica as well as its affinity for calcium and iron. 

The attraction of elastic tissue for silver was noted by Blaschko, 
who studied instances in which silver particles had become embedded 
in the skin of silver workers. He found that the silver became dissolved 
in the course of time and then precipitated largely on the regional 
elastica. In a case of silver poisoning by the alimentary route, it was 
only with great difficulty that he was able to demonstrate deposition in 
the elastic fibrils of the skin. Unna (1896) stated that silver deposits 
in the skin ahvays were limited to the connective tissue, especially to 
the elastic fibrils and limiting membranes. Lubarsch cited an instance 
of argyrosis in which silver deposits in the spleen were limited to 
the elements of connective tissue. So far as lead poisoning is concerned, 
it has been stated that there is a tendency toward severe arteriosclerosis. 
Injections of large amounts of lead fail to disclose any specific affinity 
of the elastic tissue for lead (Kumita). 

Timiors. — Tumors, especially if they are malignant, are usually 
entirely free from elastica. Elastic fibers may occur in the stroma, 
but they are few and usually represent the elastica of the invaded 
tissue which has escaped destruction by the neoplasm. Krosing and 
Passarge found disintegration of delicate fibrils at the margins of 
tumors. This has been attributed by many subsequent observers to the 
proliferation of connective tissue and the general inflammatory reaction. 
Kromayer described degeneration of fibrils in the area of cellular 
infiltration in the stroma of tumors. In neoplasms experimentally induced 
with tar, nematodes and roentgen rays similar alterations occur in the 
elastica (Bierich, 1922). In certain instances the “elastic” fibers in the 
cutis were increased, but in these cases the epithelium had not extended 
into the corium. As the epithelial cells invaded the corium, there was 
disappearance of elastica, especially in the zones adjacent to the tumor. 
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Various types of atrophy and degeneration of elastica may occur 
in association with neoplasms. The most common are simple atrophy, 
skein formation and clumping of fibrils. Elacin fibers also are frequent 
(White). 

Several benign epithelial tumors have been studied for elastica. 
White found an abundance of elacin fibrils but no elastin fibers in 
senile keratoses. There are nodular accumulations and dense networks 
of elastica in epithelioma adenoides cysticum (W. Pick). Unna 
(1896) found that in epithelial cutaneous nevi, if cell nests are promi- 
nent, there is a tendency for elastica to disappear between them. He 
believed that this loss of elastica aided in the mechanism by which the 
nevus became elevated above the plane of the skin. Most interesting 
of all is the carcinoid or argentaffin cell tumor, in which the stroma is rich 
in elastic fibers, smooth muscle and nerve fibers (Masson). Bade}'’ 
studied benign and metastasizing tumors of this t)'pe. Elastic tissue 
was abundant and comprised an integral part of the stroma, not only 
in the intraintestinal growths but also in the mesenteric extensions and 
metastases in lymph nodes. He found hyperplasia of the elastica of 
the adventitia of small and medium-sized arteries. The elastic fibers 
of the tumor seemed to be derived in part from the networks in the 
vascular walls. He concluded that the formation of elastic tissue fibers 
in considerable numbers as a part of the stroma seemed to be a unique 
property of argentaffinomas. 

Benign tumors of mesench 3 nnal origin are little more favorable 
to the development of elastic fibers than benign epithelial growths. 
Virchow (1858, 1889) cited instances in which new-formed elastic 
fibers were demonstrated in cavernoma, enchondroma, endothelioma and 
myxpma. Karrenstein described elastic fibrils in myxoma of the heart 
and mentioned several similar tumors that he collected from the litera- 
ture. Unna (1896) stated that there is little or no elastica in cutaneous 
fibroma. He found absence of elastic tissue in angioma and believed 
that the lack of elastica in the hypertrophied venous channels of the 
angiomatous nevus offered an important criterion by which the vessels 
could be distinguished from noi'inal veins. White noted that elastic 
tissue is scanty in cutaneous leiomyoma. On the contrary, elastic net- 
works frequently occur in uterine leiomyoma. 

Very few studies of elastic tissue in malignant tumors have been 
reported. Mention has been made concerning malignant carcinoid or 
argentaffinoma of the alimentary tract. It is well known that car- 
cinoma of the skin quickly destroys elastic tissue. Zieler concluded 
that the degeneration occurred in the zone of infiltration at the 
periphery of the tumor. He found that the destruction of the elastica 
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is greater if the zone of infiltration is advancing rapidly. Degeneration 
of elastic tissue without evidence of regeneration occurs in gastric 
carcinoma (Inouye). New formation of elastic tissue rarely has been 
described in the stroma of cutaneous and mammary carcinoma 
(Virchow, 1858). White found that the elastica was either reduced or 
absent in cutaneous sarcoma. Virchow (1858) cited instances in which 
there Avas apparent new formation of elastic fibrils in fibrosarcoma. The 
areas of infiltration of the skin in mycosis fungoides show either great 
reduction or complete disappearance of elastic networks (Jores, 1902; 
White). Delbanco found inclusions Avhich were presumed to be frag- 
ments of elastic fibrils in the giant cells of mycosis fungoides. In this 
regard it may be added that von Hansemann and Zieler described 
fragments of elastica in the cytoplasm of various types of tumor cells. 

So far as I am a^vare there is no tumor which is characterized 
principally by formation of elastic tissue. It seems that such tumors 
must occur, because the elastic fiber as to its origin has many features 
in common with the collagen fiber. Tumors which form an abundance 
of collagen are frequent. It has been suggested that pseudoxanthoma 
elasticum is essentially neoplastic, but there is no good reason for sup- 
porting this contention. 

Congenital, Hereditary and Endocrine Diseases. — ^The influence of 
the endocrine glands on the formation and maintenance of the bodily 
tissues often is bound intimately Avith Avhat one may choose to call 
constitutional, congenital and hereditary states. Therefore it seemed 
reasonable to consider these subjects at the same time. 

Most authorities believe that the disease pseudoxanthoma elasticum 
is a manifestation of hereditarily defective elastic tissue. This malady, 
Avhich is characterized principally by a peculiar degeneration of the 
cutaneous elastica and by angioid streaks in the retina, has been dis- 
cussed briefly in the preceding pages. 

Epidermolysis bullosa hereditaria is a rare congenital disease in 
AAdiich A’^esicles and bullae form in any part of the integument or mucous 
membranes subjected to traumatism. In this disease Engman and Mook 
described absence of elastic tissue in the papillary and subpapillary 
regions of the grossly normal derma. The elastic tissue in the deeper^ 
layers of the cutis Avas scanty and structurally defective. Other Avorkers 
have corroborated their observations. This abnormality of the skin has 
the hereditary transmissibility characteristic of a mendelian dominant, 
affecting both sexes in almost equal numbers. 

The constitutional bodily type designated as the asthenic habitus is 
due, according to Payr, to a Ioav value of contractile and elastic elements. 
He claimed that patients of this type have an increased tendency tOAvard 
overgroAvth of connectiA’-e tissue in the process of repair. No careful 
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comparative histologic studies haA^e been made of the tissues of A^arious 
constitutional types, but if such studies are ever made, the results should 
be of interest (Bauer). Sudsuki stated that there is Avide variation in 
the amount of elastica in the lungs of normal people. He made no 
attempt to correlate his observations. 

If elastic tissue has a part in the maintenance of elastic tone in the 
skin, it is reasonable to assume that among A’arious persons there may be 
not only quantitative but also qualitative differences of this tissue. In 
this regard the “india rubber men,” classic sideshoAv attractions, may 
be mentioned. These persons haA^e abnormally extensible skin, Avhich 
is of such a nature that the condition is called cutis hyperelastica. 
There is little change in the histologic appearance of the elastic net- 
work. The fibrils exhibit greater tortuosity, angulation and spiral Avind- 
ing than normal, but the principal abnormality seems to be in the form 
of split collagenous fibrils (Unna, 1896). 

In treating of the influence of the endocrine secretions, one must 
consider the normal and abnormal imbalances of glandular activity- 
The remarkable changes in the elastic tissue of the uterus and its arteries 
during pregnancy haA’'e been described in the preceding pages. It does 
not seem reasonable to believe that chance abetted by mechanical forces 
could bring about such cyclic changes as those Avhich occur in the 
elastica of ovarian A’^essels in the course of menstruation and ovulation. 
Furthermore, it is generally accepted that the development of striae 
gravidarum cannot be explained by any theor}^ Avhich rests solely on 
a mechanical or an inflammatory basis. Of greater interest is the fact 
that hypertrophic striae distensae occasionally appear in girls at puberty 
even though there is no unusually rapid gain in Aveight (Ebert). This 
may be linked in some fashion with the Cushing syndrome, pituitary 
basophilism (Cushing). In this syndrome, which is related in some Avay 
to basoplnlic cell adenoma of the h)'pophysis, the presence of purplish 
cutaneous striae in men as Avell as in Avomen is one of the cardinal 
features. Dr. Merrill Sosman called my attention to a patient Avith this 
syndrome Avho has received roentgen treatment of the pituitary. She 
has shoAvn a remarkable constitutional improvement, and the purplish 
striae have become pale and atrophic. Purplish striae also have been 
described in patients Avith carcinoma of the adrenal. 

The elastica as affected by other endocrine disorders has received 
scant attention. Unna (1896) described hypertrophy of collagen with- 
out alteration of the cutaneous elastica in acromegaly. In myxedematous 
skin he found many basophilic fibrils and some evidence of multiplica- 
tion of the elastica, although much of the connective tissue framework 
of the skin had degenerated. Foerster described degeneration of elastic 
and collagenous tissue in myxedema. The elastic fibrils Avere SAvollen, 
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and the collagen tended to disappear. Both elements were often fused 
into homogeneous hyaline masses, Reuter found mild degeneration of 
collagenous and elastic tissue. This was independent of edema and 
occurred when the basal metabolic rate was low. He stated that the 
histologic changes were similar to those which occur in solid edema 
of the extremities of patients with exophthalmic goiter. In diabetes the 
frequency of arteriosclerosis with attendant deterioration of the elastica 
of vessels is well known. Davis and Warren described hyalinization 
and calcification of cutaneous elastic fibers in diabetes. Orsos (1926), 
described deterioration of elastica in the lymph nodes of 2 diabetic 
patients. 

Thus it seems that the nature of the elastica of the body may be 
influenced by congenital and hereditary factors and that in normal 
persons and in persons of certain constitutional types, as well as in 
those in various states of endocrine activity, the elastica ma}'' exhibit 
important variations of local or general distribution and of qualitative 
or quantitative nature. 

SUMMARY 

One hundred years have passed since elastica was identified as an 
elementary tissue. The belated segi'egation of this tissue is to be 
attributed in part to the fact that it is always accompanied by collagen 
in the mammalian body and is often associated with smooth muscle. 
The tissue is composed of continuous fibrils, bands and membranes. 
It is especial^ abundant in systems which undergo considerable fluctua- 
tions in size, particularly if the deformations are rhythmic. 

The sequences in the formation of the elastica in the developing 
embryo indicate that, although the structure and distribution of elastic 
tissue may in part be predetei'mined, functional demands beginning in 
early embryonic life also play an important role. The maturation of 
elastic tissue in the embryo with respect to acquisition of form and 
characteristic staining reaction is a relatively slow process. This is also 
true in the evolution of the tissue from a phylogenetic point of view. 
It seems to have no important place in the structure of invertebrates 
and lower vertebrates, achieving full significance only in the higher 
vertebrates. 

The histogenesis of the elastica is obscure, even though we accept 
a cellular theory of its origin and the broad postulate that it arises 
through a continuous change of endoplasm into ectoplasm. Presumably, 
the fibroblast is implicated in the formation of elastic tissue. If this is 
true, it is certain that the mechanism for the formation of the elastica 
is not influenced by stimuli in the same way as the mechanism for the 
formation of collagen. 
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The tissue has the physical properties by which bodies achieve high 
elasticity in the common sense of the term. Within the elastic limits 
it has great extensibility and an inherent capacity to return promptly 
to its original shape after the deforming force has been removed. It is 
not known whether any elastic fibril freed from encumbrances obeys 
the laws of elasticity as applied to rods and wires. 

There is no proof that all structures which are classified as parts 
of the elastica are chemicall}’' identical. However, those elastic tissues 
which have been studied seem to have similar chemical properties. They 
are highly resistant to the action of ordinary laboratory reagents and 
belong to the heterogeneous class of scleroproteins. Mature elastica 
has high reducing power and is more acid than collagen, with which it 
is often associated. These properties serve as a basis for differential 
staining reactions. 

The characteristic staining reactions are subject to wide variations. 
They are acquired slowly in the embryologic, phylogenetic and in vitro 
formation of the tissue. .A change in the important physical properties 
or in the chemical structure of the tissue is not necessarily accompanied 
by a change in the morphologic aspects or in the staining reactions of 
the tissue. Conversely, an alteration in the staining reactions does not 
always signify an important change in the functional capacity or in 
the structural integrity of the tissue. 

The tissue is of importance from the physiologic point of view. 
It is designed for the mechanical coordination of movement of separate 
units of structures with which it is associated. It aids in the dissemina- 
tion of stresses which are directed at isolated points. It conserves 
muscular energy through partial maintenance of tone during the phase 
of relaxation of muscular elements. It serves as a restraining bulwark 
against the possible injury of excessive forces. It aids materially in 
the return of an organ or tissue to its natural shape after the deforming 
force ceases to act. Its function is always influenced not only by its 
inherent elastic qualities but also by the elasticity of the tissues with 
which it is intimately bound. 

The morphologic changes which the tissue undergoes in various 
pathologic states have been studied thoroughly. No attempts have been 
made to correlate accurately the loss in the functional capacity of the 
tissue with changes either in morphologic appearance or in staining 
reactions. However, it is generally recognized that the accepted evidences 
of degeneration do not always accompany diminution in the functional 
capacity of the tissue. Degenerative changes may go to completion 
or be interrupted at various stages in the usual sequence of atrophy 
and disintegration. If degeneration has progressed to a measurable 
degree from a morphologic standpoint, there is limited capacity of the 
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tissue to regain its structural integrity. Regeneration of the tissue does 
occur occasionally, and fibrils may form even in regions where none was 
present normally. However, once the elastica in a region has disinte- 
grated under pathologic circumstances, the replacement is usually 
meager and imperfect. If the normal architecture of the tissue has not 
been greatly disturbed in the presence of degeneration of the elastica 
and no inflammatory reaction has accompanied the deterioration, a 
fairl)'^ perfect regeneration of the elastica sometimes occurs. 

Inflammatory lesions are notably injurious to the tissue, irrespective 
of the cause of the inflammatory' reaction. Suppurative processes of 
acute or chronic nature, especially' if they' are accompanied by an exces- 
sive production of granulation tissue, are particularly deleterious. 
Necrosis of tissue in the absence of suppuration often permits an 
unusually' perfect retention of the morphologic character of the tissue. 

There are many' conditions in which the elasticity' of the fibers seems 
to be reduced in the absence of any' significant morphologic change. 
These are much too numerous to mention here, but it is to be emphasized' 
that disturbances in the functional capacity' may' be temporary'. The 
function and morphologic character of the elastica have not been ade- 
quately studied in the various disorders due to vitamin deficiencies. 
In vitamin C deficiency there is some evidence of alteration in the 
staining reaction of the tissue. There are no data which are concerned 
with the functional capacity of the tissues in any of the deficiency 
diseases. 

Neoplasms, especially' if they' are malignant, are usually free from 
elastic tissue even though there may be an abundant collagenous stroma. 
The only' carcinoma Avhich is accompanied by a significant amount of 
newly' formed elastica is the argentaffinoma. No sarcoma has been 
described in which there was any' eA'idence that the neoplastic cells had 
been instrumental in the production of elastic tissue. Benign cutaneous 
tumors have been described in which there was a large amount of 
poorly' formed and degenerating elastic tissue. The malady in which 
these tumors were observed to occur is known as pseudoxanthoma elas- 
ticum ; it is often characterized by angioid streaks in the retina. 

There is some evidence that heredity' may exert some influence on 
the quality and content of the bodily elastica. Elasticity' of tissues 
varies among different persons. Hypoextensible and hy'perextensible 
arteries occur in apparently' normal subjects. Minor differences among 
comparable persons in the elasticity of the skin, dating apparently' from 
early' life, are common observations. An extraordinary' elasticity' of the 
skin is occasionally' present in a disease which is known as cutis 
hy'perelastica. Evidence of defective formation of elastica in the skin 
is the most important pathologic feature in a hereditary' disease which is 
known as epidermolysis bullosa hereditaria. 
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There is good evidence tliut various slates of activity of some 
endocrine glands are accompanied by alterations in the elastica. In 
diabetes there is commonly deterioration of clastic tissue. Perhaps the 
most outstanding example of the possible influence of endocrine secre- 
tions is the alteration in the elastica of ovarian vessels in the menstrua! 
cycle. The increase of elastica in the uterine wall in the early stages of 
pregnancy and its rapid disappearance in the latter weeks of gestation 
are not explicable b_v the usual factors which bring about deterioration 
of the tissue. This is perhaps less true of the involutional changes in 
the walls of uterine arteries after the termination of prcgnanc}* or in the 
walls of placental arteries as the period of gestation nears its termination. 

The most important influences on the integrity of the clastic tissue 
are in some way related to age. 'I'lic tissue increases in amount in 
the various organs over a period of several years. Then, beginning 
in the second decade of life, there is gradual diminution in the elasticity 
of the tissue. This loss of elasticity is a generalized involvement of the 
clastic networks, whether they are in the arteries, lungs, skin or else- 
where. In the age period between 10 and 60 years the arterial elasticity 
is reduced to approximately one half of that optimum which existed In 
the early years of life. This is independent of the atherosclerotic process. 
Accompaniments of the gradual decay arc impregnation with calcium 
salts, loss of characteristic staining reactions, morphologic disintegra- 
tion, and relaxation of the structures normally supported by the elastica. 
Thus, a large part of the visible clTects of age — the functional clTccls in 
all instances and the morphologic in the majority of instances — seems 
to be attributable to this inexplicable deterioration of the elastica. It is 
particularly interesting that in placental arteries sequences identical 
to those described in the aging process as it afl'cets the arteries of the 
average person follow in rapid succession, taking place in the short 
span of a few months. 

In conclusion it is hoped that this survey will direct attention to a 
miich neglected tissue. It is fair to state that no more than a beginning 
has been made in the study of this tissue. It may be permissible to 
point out that an analysis of the data indicates that future investigators 
may profitably concern themselves with a substance or substances which 
arc elaborated from relatively simple chemical compounds and deposited 
in elective sites. It may be suggested that some of the substances from 
which the tissue is constructed ai'c capable of maintaining a metabolic 
interrelationship with the components of the medium in which they 
persist. It may be predicted that these substances arc of such labile 
nature as to react reversibly in situ and to be amenable to resorption, 
redeposition and augmentation in response to influences of cither a local 
or a general nature. 
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Notes and News 


University News, Promotions, Resignations, Appointments, Deaths, 
Etc. — Victor H. Bassett, health officer of Savannah, Ga., and at one time pro- 
fessor of pathology in Milwaukee, died Nov. 3, 1938, aged 67 3 "ears. 

L. Corsan Reid has been promoted to the rank of assistant professor of 
pathologj^ in the New York Medical College. 

Thomas Francis Jr., member of the staff of the International Health Division 
of the Rockefeller Foundation, has been appointed professor of bacteriologj^ in 
the New York Universitj^ College of Medicine. 

Society News. — The annual meeting of the American Association of Pathol- 
ogists and Bacteriologists will be held at the Medical College of Virginia, Rich- 
mond, Thursday and Friday, April 6 and 7, 1939. The headquarters will be 
Hotel Jefferson. The secretarj^ is H. T. Karsner, 2085 Adelbert Road, Cleveland. 

The sixty-eighth annual meeting of the American Public Health Association 
will be held in Pittsburgh, Oct. 17 to 20, 1939, with headquarters at the William 
Penn Hotel. 

The fiftieth annual meeting of the Association of American Medical Colleges 
will be held at Cincinnati, Oct. 23, 24 and 25, 1939. 

The American Board of Pathology announces that it has changed the date of 
its next examination from April 8 to 9 to April 3 to 4. 

The Scandinavian-American Foundation is interested in an e.xchange of medi- 
cal students between Scandinavian countries and the United States. The Asso- 
ciation of American Medical Colleges will cooperate. 


CORRECTION 

In the article by Dr. Harold Wood entitled “A Tray for Dehjffiration, Clearing 
and Paraffin Impregnation of Large Quantities of Tissue,” in the August issue 
(Arch. Path. 26:532, 1938), “75” should be substituted for “225” in the fourth 
line of the first paragraph under the center head “Description of Tra}^” 


Obituaries 


HERBERT L\ WILLIAMS. ^LD. 
lS6Cy-mS 


Dr. Herbert U. Williams retired from teaching four years ago. 
He used to spend the winter months in warmer climates, in central and 
southern states, in the leisurely pursuit of his pathologic studies of 
ancient diseases. Again he was planning to go south, for he enjoyed 
excellent health until ver}- recently. He was hardl}' aware of harboring 
an organic lesion when, late in the evening of December 8. last, while 
greeting friends at his favorite club, he was suddenly seized with a 
heart attack. Shortly after, still completely unconscious, he died at the 
Buffalo General Hospital, the hospital in which his career had started. 
Postmonem examination revealed marked sclerotic aortic stenosis, with 
distinct narrowing of the coronary ostia, recent pulmonary edema and 
marked dilatation of the stomach, with constriction from chronic ulcer 
at the pyloric ring. 

Williams, who was a native of Buffalo, was born Nov. 28. 1866. 
He graduated from the old Central High Scliool, going from there to 
the Lmiversih* of iMichigan for two years. In 1886 he entered tlie 
medical school of the University of Buffalo and obtained Itis medical 
degree in 1889. He coittinued his medical studies at the L’niversity of 
Pennsylvania, where he obtained a doctorate in 1891. Postgraduate 
studies then took him to the College of Physicians and Surgeons in 
New York, to the Johns Hopldns Hospital (in the department of 
M'illiain Welch) and to the Pathologic Institute of Johannes Ortli in 
Gottingen, Germany. In 1894 Williams was appointed professor of 
patholog}' and bacteriolog}- at the Universit}- of Buffalo : soon after, he 
became head of tlie department. In tliis capacity he served the medical 
school for fortv vears, until his retirement in 1934. From 1912 to 1915 
he Avas dean of the medical scliool. 

The early scientific papers of Ynlliams concerned the nature of fat 
necrosis — its morbid anatomy, causation and experimental production. 
In the field of experimental patliologv- Williams was one of the early 
pioneers. By ligating the pancreas in cats, he produced marked fat 
necrosis. However, the positive results were largely enhanced by infec- 
tion. and further experiments were carried out to eliminate the role 
of infection. Pancreatic tissue Avas inserted in the subcutis of cats by 
means of a special glass cannula. He AA-as then able to produce fat 
necrosis in a number of instances in AA-hich infection AA'as eliminated. 
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stressed the role of traumatism in necrosis of the pancreas following 
operation on the gallbladder. 

Williams also studied the new formation of elastic fibers in the 
stroma of carcinoma at the time when the Weigert stain had just become 
known. In his paper on this sulijcct, as well as in a critical review of 
the literature on plasma cells and mast cells, it is evident that he had 
a considerable command of technical methods. ]\luch of his description 
of the granules in mast cells, observed after the use of different fixa- 
tives, is based on his own experience. Other, mostly morphologic 
studies concern the histologic changes in the sweat glands in chronic 
nephritis, the incidence of trichinosis in routine postmortem material 
and the lymphomatous tumors or lumor-Iikc nodes in the normal dog’s 
spleen. In the latter instance he made a systematic investigation of the 
spleens of 720 dogs. A few brief papers of baclcriologic interest might 
be mentioned: one concerned a mixed Welch bacillus-Streptococcus 
infection causing pyelitis; a second, results of attempts to cultivate 
trypanosomes from frogs; a third, sputum cKamination during the 
influenza epidemic, and a fourth, experimental studies of the agglutina- 
tion of human erythrocytes by horse serum. He also wrote a manual 
of bacteriology’, mainly for the use of medical students, which had five 
editions. 

In the years following the great Avar Williams became increasingly 
interested in the history and antiquity of diseases, especially in the 
history of syphilis. To the readers of the Archives op Pathology 
his reviews on paleopathologic topics and on the origin and antiquity 
of syphilis are Avell known. These studies brought Williams a Avorld- 
wide reputation among pathologists, medical historians and anthro- 
pologists alike. In the field of human paleopathology he published 
original obscrA^ations on a peculiar symmetric osteoporosis A\dnch he 
had found chiefly in ancient skulls from Indian children. These he 
found especially in the ai'cas AAdiere the cultivation of Indian corn Avas 
most highly developed. He felt that this osteoporosis Avas possibly 
allied to rickets or scurvy or some types of anemia in children, as the 
effect of a lack of vitamins or of other dietary deficiency. It had not 
been found in skulls of Avhite people. This rcvieiv included diseases 
knoAvn in modern times — for instance, tuberculous bone lesions in a 
neolithic skeleton (from Europe) and in a mummy of a priest of Amen. 
He examined tAvo Peruvian mummies and found distinct evidence of 
arteriosclerosis Avith a calcified thrombus. Deforming arthritis, he 
found, Avas apparently common among ancient people, as aa'cII as biliary 
and urinary calculi, cirrhosis of the liver and small osteomas ; hoAvcver, 
according to Williams, dental caries AA'as less common in ancient times 
and became more frequent Avith the alteration of living conditions in 
modern ciAulization. 
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In his review of the origin and antiquity of syphilis Williams not 
onty analyzed critically all reported cases of ancient syphilis of the bone, 
many of which he had studied personally in the large museums of 
Europe and America, but he added entirely new material from the 
American continent. He gave an excellent description of syphilitic 
lesions of the skull and long bones and of the difference between these 
and the lesions of Paget’s disease. In his opinion, careful examination 
with the unaided eye, especially of the long bones sawed lengthwise, 
gave more information than any other method. Many ancient bones 
showing periosteal new growth were examined histologically. 

As Williams had trar^eled a great deal and had visited many museums 
of pathology both here and abroad, he had a large material at hand for 
a comparison of pre-Columbian skulls, such as that in the famous Pecos 
case, with skulls from cases proved to be instances of syphilis, at the 
museum in Prague. Study of a very large material of ancient skulls 
and long bones, which was collected in different parts of the Americas, 
especially New Mexico, Peru, Argentina, Florida, Ohio, Tennessee and 
Louisiana, led Williams to conclude that the Indians were afflicted 
with syphilis before the arrival of the white man. It was his belief 
that no similar proof from the Eurasian continent had been produced; 
no convincing case of syphilis in Europe can be dated previous to 1500. 
In further proof of the American origin of syphilis Williams made 
citations from early Spanish authors concerning “bubas” as collected 
by Montejo Y Robledo. From all these presentations it seems evident 
that syphilis was not known in Europe prior to the discovery of America 
or to a few years preceding that time, when the Portuguese were 
exploring the coast of Africa. It was apparently the question how far 
bone lesions in yaws might simulate those of syphilis, and its bearing 
on the analysis of ancient bones, which induced Williams to study yaws 
in various tropical islands — Haiti, Java, the Philippines. He found, 
however, very few evidences of bone diseases in yaws. In his review 
of yaws and syphilis he gave a complete histologic analysis of the 
primary and secondary stages in yaws and syphilis, stressing in the 
former especially the marked proliferation of the epithelium and 
the large number of leukocytes penetrating the epithelium, along with 
but slight involvement of blood vessels. He did not find any evidence 
that internal viscera were infected in yaws. 

Williams was an excellent teacher, beloved and esteemed by his 
students through the forty years of his teaching. He tried to coordinate 
the teaching of patholog)’’ with that of the major medical disciplines. 
The University of Buffalo owes him a large debt of gratitude, not only 
for this, but because it was largety due to his efforts that the school of 
arts and sciences was successfully inaugurated in 1913, when Williams 
was dean of the medical school. 
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Williams was a member and former president of the American Asso- 
ciation of Pathologists and Bacteriologists and a member of the Ameri- 
can Association of Physical Anthropologists and of the American 
Anthropological Society. lie was a fellow of the American Association 
for the Advancement of Science. 

It was in the dark corridors of the German Pathological Institute 
in Prague that I first met Dr. Herbert U. Williams, about twelve years 
ago. He was on one of his scientific excursions, visiting the museums 
of the pathologic institutes in Paris, Berlin, Vienna and Prague. His 
kind manner and most vital interest in his scientific objectives, his 
seemingly timeless enthusiasm, made on all of the younger men an 
unforgettable impression. And so he will be remembered by countless 
students, the colleagues whom he helped and his fellow pathologists, 
here and abroad, for his teaching, his remarkable personality and 
straightforward character, and for his scientific work. 

Kornel Terplan. 


/ 



GEORGE BURGESS MAGRATH, M.D. 

1870—1938 


George Burgess Magrath, born Oct. 2, 1870, was the onl}’’ son of 
Rev. John Thomas and Sarah Jane (nee Herrick) Magrath, natives 
of Maine. The former was graduated from Bowdoin College. 

Born in Jackson, Mich., he moved with his parents in 1877 to 
Battle Creek, in 1879 to a suburb of Philadelphia, in 1882 to Hyde 
Park, Mass., and in 1890 to Milton, Mass., with the changing of 
pastorates. 

In Hyde Park he went to high school three years and studied the 
organ under John A. Preston. Later he became the organist at the 
Church of the Holy Spirit, which was his father’s charge. 

While living in Milton, he went to the Roxbury Latin School and 
graduated at the head of his class, although he entered six weeks late. 

He entered Harvard University in 1890. He graduated in 1894 
magna cum laude, with the degree of Bachelor of Arts, and was speaker 
of his class. While here he became identified with athletics, especially 
with rowing and sculling. He joined the Union Boat Club in 1898 
and from 1899 to 1917 he rowed every year on club crews. In 1907 
he was on the winning senior double scull shell crew of the club in 
the July Fourth Regatta, and it Avas a familiar sight to see him pulling 
an oar every day in a shell on the Charles River. 

In 1898 he graduated from Harvard Medical School cum laude, but 
before he graduated (January 1898) he worked at the Boston City 
Hospital in the pathologic department, under Councilman’s direction, 
until October 1898. Then he became one of Councilman’s assistants 
in the pathologic department of the Harvard Medical School, and there 
under a Bullard Fellowship he completed a research study which gained 
him the degree of Master of Arts in 1899. After that came concurrent 
appointments at the Carney, Long Island, St. Elizabeth’s, Cambridge 
and Faulkner hospitals, where he was able to “giA^e some help in develop- 
ing the pathological laboratory as a necessary adjunct to the modern 
hospital.” 

During this time an epidemic of smallpox occurred, and in the Avork 
on this Dr. Magrath “participated,” completing his Avork in 1903 and 
announcing the discoA^ery of C 3 d:orrhyctes A^ariolac in his joint study 
on the pathologic nature and etiologic factors of A’^ariola and of A’^accinia 
Avith W. R. Brinkerhoff and I. R. Bancroft. A collection of 28 care- 
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full}^ prepared specimens of skin from persons involved in the epidemic 
are to be found in the Warren Anatomical Museum of Harvard 
Medical School and attest the active postmortem study of the disease 
at that period. One recognition of this work was an offer of a professor- 
ship in pathology at Washington University, St. Louis, but this he 




1870—1938 


declined. Continuing in the department of pathology and becoming 
assistant to the secretary of the Massachusetts State Board of Health, 
he investigated outbreaks of communicable diseases. 

In 1905 he changed from being assistant in pathology to that of 
assistant in h 3 ^giene at the Harvard Medical School and in 1907 was 
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selected to follow Dr. Francis A. Harris as medical examiner for 
Suffolk County by the then Governor Curtis Guild. Dr. J\'lagrath 
expressed himself in regard to this office at the time as follows ; 

The duties of this office consist chiefly in the investigation of deaths due to 
injury of any sort and of those which are sudden or unexplained; the}" necessarily 
include service from time to time in court. The position is one affording wide 
opportunity for use in the service of the state of the knowledge and technical skill 
yielded by special training and experience. In doing my work I have sought to 
apply to the branch of state medicine, which my office represents, the result of 
the generous type of scientific medical education which it was my good fortune 
to receive. Since 1907, I have been appointed instructor in legal medicine. Teach- 
ing in this subject is by lecture and by demonstrations to members of the third 
and of the forth year classes of the medical school. The general standard of 
medical jurisprudence in this countr}" is none too high and it is my aim to help 
raise its level by applying to my own work the principles and the methods of 
modern scientific medicine and by impressing on the student the importance of 
the responsibility of the physician in all matters wherein medicine is brought into 
the service of the law. 

Dr. Magrath was able to interpret General Laws, chapter 38, Medical 
Examiners, which was written in a vague and general manner, for the 
best interests of the situations he was called on to meet. 

He labored with all forces to establish rules of practice which would 
extend the provisions of this law. These rules have been variously 
adopted and have become customary. 

In 1908 and in 1910 he made short trips to England, France and 
South America. In 1914 and 1915 he assisted in the framing of legisla- 
tion and in creating for the City of Greater New York a system of 
medicolegal inquiry based on the plan of that which he developed in 
Suffolk County, Mass., and he was invited to be a candidate for the 
position of Medical Examiner but refused. 

He said : “Outside of official and academic duty I am from time to 
time engaged as medico-legal pathologist or consultant in matters medico- 
legal and in this capacity I have participated in numerous murder trials, 
some of them in other states. In such instances I serve onl}" at the call 
of the government.” 

It is to be remembered that with all this fatiguing industry he was 
as active as ever in directing societies and clubs, in rowing and in music, 
his diversions. 

In the World War, while desiring to go, he felt his service was 
urgently needed at his own “post of duty,” but he did accept in 1918 
the commission of Major in the Medical Corps, Massachusetts State 
Guard. He was “prepared to respond with my assistants and ambulance 
sendee, to call from Acting Chief Surgeon, Massachusetts State Guard, 
in the event of any disaster involving loss of life.” 
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From 1919 on, his activities increased in the matter of participation 
in investigations of mysterious deaths. How extensive these were will 
be remembered by those who attended his lectures to the students or 
his Lowell Lectures in 1932, or heard addresses given by him before the 
Massachusetts Medico-Legal Society. A postmortem examination skil- 
fully and painstakingly done with double measurements, metric and 
linear, was only one part of such duty. ‘‘One must investigate the 
premises, knoxv all the circumstances, use judgment and common sense, 
and in the pursuit of the truth be relentless.” 

In 1931 a chair of medicolegal medicine was endowed at the 
Harvard Medical School and he was made professor at that time, 
having pi-eviously been instructor in the subject since 1907. 

In 1935 he resigned from the office of Medical Examiner and in 
1937 Avas made emeritus professor of medicolegal medicine at the 
Harvard Medical School. 

An unfortunate infection of both his hands crippled his action and 
reduced his activities, but he filled his new leisure with precautions for 
his health and with enjoyment of his varied interests, particularly that 
of music. Indeed, he was preparing to attend a concert when he fell 
ill, on Dec. 11, 1938, with the cerebellar hemorrhage from which he died. 


Myrtelle M. Canavan. 
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Experimental Pathology and Pathologic Physiology 

Pathologic Changes Produced by Gastrectoi^iy in Young Swine. S. Petri, 
F. N0RGAARD and J. Bing, Am. J. M. Sc. 195:717, 1938. 

In 6 week old pigs operative removal of the stomach gave rise to a number 
of severe clinical and pathologic anatomic changes that may be interpreted as 
similar to those found in human pellagra. Conspicuous features in this condition 
were arrest of growth, hypochromic microcytic anemia and extensive changes in 
the skin and in the central nervous system. In addition, there were diverse 
inconstant changes, as h}'perproteinemia, plasma cell metaplasia of the spleen and 
lymph glands, cirrhosis of the liver and osteoporosis. In principle, the authors 
state, these results correspond to their observations in studies on pups, suggesting 
the presence of a specific factor in the stomach of swine, dogs and man which is 
required to maintain the skin and central nervous system in a normal healthy state. 

From Authors’ Summary. 

Experimental Rickets. G. S. Dodds and H. C. Cameron, Am. J. Path. 14:273, 
1938. 

Rickets was produced by the Steenbock-Block diet; healing was brought about 
mainly by administration of viosterol. Healing is described in detail from study 
of sections stained with hematoxylin and eosin, silver preparations and roent- 
genograms which were made frequentb'. The twelve roentgenologic stages of 
Bourdillon were used as a scale for measuring the progress of healing. The first 
indication of healing was calcification in the rachitic metaphysis, close to the edge 
of the epiphysial cartilage, whence it spread, first through the metaphysis toward 
the shaft and later into the cartilage toward the end of the bone. The preliminary 
reorganization of the metaphysis involved; provisional dilute calcification of the 
osteoid; calcification of the exposed cartilage trabeculae; increase in the amount 
of marrow, and restoration of the marrow structure to normal. These changes 
restored the configuration of the trabeculae to what was almost normal by exposing 
the rather parallel cartilage trabeculae. The end of the shaft underwent much the 
same changes. At the same time the projecting cartilage masses became calcified 
and were partly removed, leaving calcified trabeculae very similar to those in the 
metaphysis. During the latter half of healing the shape of the bone became 
corrected; hematogenic marrow formed in the new end of the shaft, which had 
been formed from the metaphysial region; cupping was corrected, the entire 
epiphysial cartilage became normal in thickness and structure, and the reorganized 
trabeculae attained normal dense calcification. From Authors’ Summary. 

Experimental Bronchiectasis. W. E. Adams and Li Escudero, Tubercle 
19:351, 1938. 

Bronchiectasis was produced experimentally in dogs. Two factors were neces- 
sary for its production, namely, incomplete bronchial obstruction and infection of 
the bronchi. It was produced by both aerobic and anaerobic pyogenic organisms, 
by tubercle bacilli and by the organisms causing distemper. Incomplete obstruction 
was essential ; at no time did bronchiectasis follow complete bronchial obstruction. 
An increase in intrapleural negative pressure was important only so far as the 
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degree of severitj- of the pathologic dianges was concerned; Avhen it was present, 
bronchiectasis developed to a somewhat marked degree. Thus, in the explanation 
of this condition, the original theory of Laenncc appears to be the one most nearly 
correct. Corper. 

The Growth of Humax Boxe Marrow ik Tissue Culture. G. Weitzmaxk 
and Eva Posern, Virchows Arch. f. path. Anat. 299:458, 1937. 

The technic of the culture of human hemopoietic tissues was described by 
iSfeier, Posern and V’eitzmann in the preceding issue of VtrcJiozi's Arcliiv (pre- 
viously abstracted). The present authors proceed to the description of the growth 
and differentiation of a single cell type in their cultures. It has been found 
possible to grow marrow removed by sternal puncture, tlius greatly broadening 
the scope of the study of marrow. The marrow of patients with chronic or 
cachectic disease grows more slowly than the marrow of normal persons or that 
of persons with acute disease. In the growth and differentiation of the cell t>-pe 
selected for stud}-, four stages arc described: In the first stage, that of emigration 
of cells from the explant into the peripheral growing zone, there are seen round, 
oval or polygonal cells tliat differ from blood cells in tlie finely granular and 
dark character of their cytoplasm. The granules give a lipoid-staining reaction 
witli nile blue sulfate; they are not the result of degeneration but represent lipoids 
formed in the intermediary metabolism of the cells. In the second stage the 
granulation of tlie cytoplasm disappears, tlie cells grow into giant cells, twenty 
to fifty times the size of the myeloid cells among which they lie, and the latter 
are filled with phagocytosed cells. In the third stage the cells become smaller, 
elongated and mononucleated, and phagocytosis is less active. From the poles of 
the cells processes grow out, which unite with those of other cells to form a wide- 
meshed network. The fourth stage is characterized by formation of fibrils. The 
cells whose life history has been thus followed in tissue culture are derived from 
the reticulum cells of the bone marrow. Schultz. 

Experimental Allergic Hyperergic Arteritis. V'. Rintelen, Vircliows Arch, 
f. path. Anat. 299:629, 1937. 

Rabbits were sensitized by repeated subcutaneous injections of horse or swine 
serum. In the sensitized animals and in controls the carotid arterj' was exposed 
and doubly ligated under ethyl carbamate (uretliane) and ether anesthesia, and 
the provocative dose of the antigen was injected into the lumen of the arterj' 
between the two ligatures. Within four hours fibrinoid swelling of the wall of 
the vessel was evident in the sensitized animals. This was followed by leukocytic 
infiltration. By the second day there was a marked histiocytic reaction. The 
inflammatory process involved the entire wall. The process usually ended in 
thrombosis of the artery, with replacement of smooth muscle and elastic tissue by 
fibrous tissue. In control animals the injection of serum was followed by only a 
slight perivascular inflammatory reaction, resulting from the trauma. Normal 
horse serum from a commercial concern did not produce hj-perergic arteritis such 
as tliat described. O. T. Schultz. 


Pathologic Anatomy 

Experiment.vl Pneumococcus Infection in Tuberculous Rabbits. J. Weiss- 
FEiLER, E. N. Morozova and A. I. Strukov, .\m. Rev. Tuberc. 37:93, 193S. 

Rabbits infected intratraclieally with virulent strains of tubercle bacilli of 
bovine type cope with an intravenous or an intraperitoneal inoculation of pneumo- 
cocci of type I as well as control animals. The cellular reaction in a tuberculous 
animal clearly differs from that in a healthy rabbit. The reaction of the tubercu- 
lous animal takes a slower course, has a more exudative character and tend.s 
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more toward necrosis than the reaction of the healthj^’ rabbit. The difference 
observed in the reactions of tuberculous and healthy animals can be explained 
by heteroallergy due to tuberculous infection. Thus, heteroallergj’- plays an 
important part in the course of nonspecific infectious processes in a tuberculous 
organism. H J. Corper. 


Bundle Branch Block. W. M. Yater, Arch. Int. Afed. 62:1, 193S. 

Bundle branch block is usually due either to disease of the coronary arteries 
(rheumatic or degenerative) or to hypertension resulting in strain of the left 
ventricle and impairment of the nutrition of the endocardium and bundle branch. 
Bundle branch block is as a rule associated with lesions of both bundle branches 
although one branch is usually more seriously affected than the other and prob- 
ably determines the essential form of the electrocardiographic curve. The newer, 
or American, terminology is more nearly correct for bundle branch block in man, 
although it must be admitted that whether “right” or “left” is used to modify 
the term designating the diagnosis of this disturbance in conduction, the adjective 
merely indicates the branch more seriously affected. The uncommon form of 
bundle branch block, right bundle branch block, is probably due as a rule to 
rheumatic arteritis or rheumatic myocarditis. The common form of bundle branch 
block, left bundle branch block, is probably due as a rule to degenerative cardio- 
vascular-renal disease, meaning coronary arteriosclerosis or arterial hypertension 
or both. A bundle branch need not be entirely destroyed at any level in order to 
produce electrocardiographic alterations that may be designated as typifying bundle 
branch block. An increased amplitude of the ventricular complex is not essential 
to the electrocardiographic diagnosis of bundle branch block. Any increase of 
the QRS interval beyond one-tenth second may indicate lesions of the bundle 
branches. Afany questions remain unanswered in regard to bundle branch block, 
and many careful histologic studies must be made before most of them can be 
answered. From Author’s Summary. 


Periarteritis Nodosa. J. W. Kernohan and H. W. Woltman, Arch. Neurol. 

& Psj'chiat. 39:655, 1938. 

Pathologic studies of 5 cases of periarteritis nodosa convinced Kernohan and 
Woltman that the primary lesion is in the media of the smallest arteries (peri- 
arterioles). The media first undergoes hyaline-like degeneration with’ necrosis, 
followed by changes in the adventitia and intima. The adventitia becomes infil- 
trated with Ij’-mphocytes, plasma cells and endothelial-like elements; the intima 
proliferates, causing narrowing and even obliteration of the vascular lumen. It 
may become separated from the media by lymphocytes, plasma cells and endothelial 
cells. The vascular lesions were usually present in every organ, but in a single 
case they were limited to the peripheral nerves; in another case, they were also 
ver 3 ’^ marked in the brain, and in a third case they were pronounced in the retinal 
blood vessels (the arterioles of the choroid). The changes in the peripheral 
nerves showed as swelling degeneration and complete disappearance of the myelin, 
followed by degeneration of the axons. In addition, there were infarcts in the 
nerve trunks, multiple and single. Kernohan and Woltman consider the changes 
in the nerves secondary to those in the blood vessels, the result of an inadequate 
supply of blood. George B. Hassin. 


Regional Ileitis and Ulceratut; Colitis. E. S. Stafford, Bull. Johns Hopkins 
Hosp. 62:399, 1938. 

Stafford discusses 10 cases in which regional ileitis, and 3 in which ulcerative 
colitis, was associated with lymphogranuloma. The similarity of the clinical 
features in these two t 3 "pes of cases has been noted. The typical microscopic 
lesion of hmiphogranuloma is differentiated from the nonspecific lesions of regional 
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ileitis by the presence of the tubercle-like group of epithelioid cells with a central 
core of polymorphonuclear leukccrdes. That the virus of Ij-mphogranuloma may 
cause the ulcerative lesions in the colon has been considered, and the possibility 
suggested that the lesions of regional ileitis maj' also be due to the virus. 

From Author’s Summary. 


Vari.\tiox IX Reticulocytes of Rabbits. P. Nicolle, Arch. Inst. Pasteur de 

Tunis 27:42, 1938. 

In rabbits inoculated with classic typhus the reticulocyte count increases from 
2 or 3 per hundred red cells to 6 or 7 within from ten to fourteen days. 

Rabbits inoculated with Trypanosoma congolense present an anemia accom- 
panied by an increase in reticulocytes. There is a rapid decrease in the red blood 
cell count for from eleven to nineteen daj's, followed by a chronic stage and 
eventually by a return to normal. As the red blood cells fall below 3,000,000 per 
cubic millimeter, the reticulocytes increase to 450,000 per cubic millimeter. There 
is marked leukopenia with a proportional increase in mononuclear cells. Poly- 
chromatophilia, poikiloci-tosis and anisocr-tosis are common. The anemia is one 
of cell destruction without permanent lesions of the hemopoietic organs. 

During tlie period of incubation of experimental infection with Trypanosoma 
equiperdum there are successive waves of reduction of the red cell count and 
increase in the number of reticuloci^tes, with periods of return to normal. \\’hen 
the number of red blood cells decreases from 20 to 25 per cent that of reticulo- 
cytes increases from 50 to 100 per cent. 

Spontaneous parasitic infections and trauma may also alter the unstable reticu- 
loc\-te equilibrium of the rabbit. j g Guxxisox 


Ixtraxucle.ar Formatiox of ^Ieeanotic Pigmext. K. Apitz, Virchows Arch, 
f. path. Anat. 300:89, 1937.« 

In a study of melanosarcoma and pigmented moles Apitz describes the forma- 
tion of melanotic granules within the cell nucleus. His concept of pigment for- 
mation is that tlie nucleus furnishes to the cytoplasm an invisible fluid material 
(melanogen) which is transformed into visible pigment in tlie cytoplasm. In 
neoplasms the melanogen ma}' be retained within the nucleus and maj' tliere be 
transformed into pigment. Such formation of pigment within the nucleus occurs 
alwaj's within vacuoles. The latter he considers characteristic of pigment- 
forming cells and believes that they may help determine the melanotic origin of 
a nonpigmented metastasis. q -p Schultz 


Hediastix-al Cyst Lixed by Gastric Mucosa with Perfor.atixg Peptic Ulcer. 

C. Boess, Virchows Arch. f. path. Anat. 300:166, 1937. 

To 4 previously reported cases of mediastinal cyst lined by gastric mucosa 
the autlior adds a fifth. This cyst occurred in a boy 3jd years old. It was the 
size of a hen’s egg. A chronic peptic ulcer of the lining, which evidenced secre- 
tory activity of the mucosa, perforated into the left lung and led to death from 
hemorrhage. The most likely explanation of the malformation is that it orig- 
inated from misplaced gastric mucosa or from an endodermal anlage of the 
esophagus with heterotopic potency. Also, origin from a remnant of the omphalo- 
mesenteric duct is held to be possible. q_ 'p_ Schultz. 

Primary Thrombosis of the Deep Veixs of the Leg. R. Rossle, V’irchows 

Arch. f. path. Anat. 300:180, 1937. 

Primary autochthonous venous thrombosis is stated by textbooks to occur 
most frequently in the pelvic and femoral veins. Clinical evidence indicates that 
thrombosis of the plantar veins and of the deep veins of the leg is frequent. 
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While still at Basel, Switzerland, Rossle systematically investigated the deep 
veins of the calf of the leg in 400 consecutive necropsies in a period of five 
months. Of the subj ects, 324 were over 20 years old ; 88 of these revealed 
thrombosis of the deep veins of the leg. Thrombosis was frequently associated 
with degenerative and atrophic changes in the muscles of the calf. Rossle 
mentions three possibilities to explain this association : (1) that the changes in 
the muscles were due to the thromboses, against which is the. fact that the 
thromboses were usually more recent than the muscle changes ; (2) that degen- 
erative changes in the muscles led to" the formation of substances that caused 
the local thromboses, and (3) that the thromboses and muscle changes were 
independent of each other but resulted from a common cause. 

O. T. Schultz. 


Changes in the Calf Muscles Following Venous Thrombosis and Pro- 
longed Confinement in Bed. H. Voegt, Virchows Arch. f. path. Anat. 
300:190, 1937. 

Rbssle’s observation of the frequent association of thrombosis of the deep 
veins of the leg with degenerative changes in the muscles of the calf led to fur- 
ther investigation especially from the standpoint of the effects of long confine- 
ment in bed. The muscles of the calf were examined histologically and compared 
with the rectus abdominus and biceps muscles. In 5 persons with venous throm- 
bosis the calf muscles showed degenerative changes and atrophy. However, in 
24 persons without thrombosis who had suffered long confinement to bed equally 
severe changes were observed in the calf muscles while such changes were not 
to be seen in the biceps and rectus muscles. Pressure, circulatory changes and 
inactivity are held responsible for the changes described. That the degenerating 
muscle tissue may liberate thrombogenic substances that lead to terminal throm- 
bosis is admitted as a possibility. r) m Schultz 


Mass and Surface Development of the Fetal Brain. H. H. Meyer, Vir- 
chows Arch. f. path. Anat. 300:202, 1937. 

The brains of 180 fetuses were studied between the fifth and tenth month of 
pregnancy as to changes in weight in reference to fetal length and as to the 
time of appearance and development of the more important sulci atid convolu- 
tions. The time of appearance of the main sulci and the peculiarities of their 
development are summarized in a series of tables, the material being grouped 
according to weeks of duration of pregnancy as determined by fetal length. In 
their earliest development the sulci are bilaterally symmetric, but the symmetry 
is disturbed by the formation of anastomoses and other developmental changes. 
There is no direct correlation between the general development of the body and 
the development of the brain. The sulci of the brains of female fetuses revealed 
a greater degree of variation as the result of anastomosis between sulci than did. 
brains of male fetuses. q 'p.' Schultz. 


Pathologic Chemistry and Physics 

Composition of Human Bone in Chronic Fluoride Poisoning. W. A. Wolff 
and E. G. Kerr, Am. J. M. Sc. 195:493, 1938. 

In a case of chronic fluoride poisoning the bones contained normal amounts 
of calcium, phosphorus and carbon dioxide. The fluorine content was increased 
up to twenty times the normal and was unequall}’’ distributed, being highest in 
the vertebrae and lowest in the long bones. The specific gravity of the femur 
was low. Data on man and animals are compared. 

From Authors’ Summary. 
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The Cevitamic Acid Content of Fetal Blood. P, Manahan and N. J. 

Eastman, Bull. Johns Hopkins Hosp. 62:478, 1938. 

The concentration of ascorbic acid in fetal blood is regularly almost three 
times that in the maternal blood. Raising the concentration of ascorbic acid in 
the maternal blood by antepartum administration of orange juice raises con- 
comitantly the concentration in the fetal blood, the ratio between the concentra- 
tions in the two bloods remaining similar. The high relative concentration of 
ascorbic acid in fetal blood suggests that the placenta exerts a selective action in 
respect to this vitamin. FROiki Authors’ Summary. 


The Influence of Inflammation on the Absorption of Substances of Varied 
Diffusibility. R. G. Miller, J. Exper. Med. 67:619, 1938. 

Inflammation retards the absorption of horse serum globulin and cr 3 "stalline 
egg albumin from the peritoneal cavity and from the subcutaneous tissue, but the 
retardation of the absorption of crystalline egg albumin is less than that of 
globulin, which is less diffusible. Inflammation retards the absorption of the 
specific polj'saccharide of Pneumococcus tj'pe I from the peritoneal cavity; inflam- 
mation may accelerate but does not hinder the absorption of dextrose from the 
peritoneal cavity. Inflammation retards the spread of trypan blue in the skin 
but accelerates absorption from the skin of a more diffusible dye, bromphenol 
blue. Phenol red is excreted in the urine with equal rapidity after injection into 
a normal and into an inflamed peritoneal cavity. Direct extractions of phenol 
red from inflamed subcutaneous sites indicate that inflammation accelerates the 
absorption of the dye from these areas. Inflammation retards the absorption of 
the indiffusible proteins, carbohj'drates and d 3 'es ; it tends to accelerate the absorp- 
tion of the diffusible carbohydrates and dyes. Author’s Summary. 

A Comparison of the Interchange of the Body Fluids After Intravenous 
Injections of Crystalloids, Gum Acacia and Blood Serum. J. D. Rob- 
ertson, Brit. J. Exper. Path. 19:30, 1938. 

When hypertonic solutions such as 33 per cent sodium chloride or 50 per cent 
dextrose are injected intravenously at the rate of 5 cc. per kilogram, there is an 
enormous increase of the blood volume, often reaching a maximum of double the 
original volume. The increase takes place rapidly and only during the period 
of the injection. The moment the injection is stopped, the blood volume begins 
to fall rapidbq and in about half an hour it is normal. When 2 per cent, 0.9 per 
cent, 0.6 per cent and 0.3 per cent sodium chloride are injected intravenously, 
fluid leaves the vascular system during the injection, so that the blood volume 
immediately after completion of the injection is less than the theoretic level 
expected. After the injection the blood volume falls, but at the end of an hour 
it is still about 15 per cent above normal. The result of an intravenous injec- 
tion of blood serum is similar to that of an injection of hypotonic, isotonic or 
2 per cent sodium chloride. In the mammalian circulation sodium chloride added 
to acacia depresses the power of the acacia to attract fluid. When the concentra- 
tion of sodium chloride exceeds 1 per cent, the attraction of fluid during the injec- 
tion is greater than can be accounted for by either the acacia or the sodium 
chloride alone. In studying changes in the blood volume of a cat after intravenous 
injections of 6 per cent acacia in solutions of sodium chloride of various strengths, 
it was found that 6 per cent acacia in physiologic solution of sodium chloride most 
nearly resembles blood serum. After a hemorrhage an injection of blood serum 
produces in the blood volume a response similar to that after an injection of 
0.9 per cent sodium chloride ; and in both cases the blood volume falls rapidh' 
after the injection. Acacia, on the other hand, produces a much slower fall in 
the blood volume. Acacia is retained intrarascularly to a greater extent than 
blood serum. From Author’s Summary. 
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Pancreatic Silicic Acid. W. Kasten, Frankfurt. Ztschr. f. Path. 50:42, 1937. 

In a series of 79 cases Kasten was unable to find an}’^ correlation between the 
silica content of the pancreas and diabetes, malignant tumor or tuberculosis. 

Otto Saphir. 

Chemical Origin of the Histologic Specificity of Tuberculous Inflamma- 
tion. F. Roulet and K. Bloch. Virchows Arch. f. path. Anat. 298:311, 
1936. 

When the acid phosphatide obtained b 3 ^ Anderson’s method of extraction of 
the tubercle bacillus is purified, a magnesium salt of the compound is obtained that 
contains no nitrogen and a constant proportion of phosphorus. This substance 
when injected intracutaneously leads to the formation of a histologically charac- 
teristic tubercle or granuloma, with giant cells. This characteristic tissue reac- 
tion is related to the chemical composition of the phosphatid compound, which is 
taken up in finelj-^ dispersed form by the connective tissue cells ; these are trans- 
formed into epithelioid cells. The phosphatide compound of the tubercle bacillus 
differs from the phosphatides of other plants in the composition of its saturated 
fatty acids, to which, when these are liberated by intracellular hydrolysis, the 

tissue reaction in the last analysis is due. The phosphatide compound obtained 

from the human bacillus causes a more marked inflammatory reaction in the 
human skin than in that of the rabbit, and, conversely, the rabbit’s skin reacts 
more strongly to the phosphatide of the bovine bacillus than does that of the 

human being. This is interpreted as evidence of the chemical specificity of the 

compound in each of the two strains of bacilli. The reaction is no greater in 
infected (sensitized) rabbits than in normal ones, 'which is proof that the inflam- 
matory reaction to specific phosphatide is not the same as the reaction to tuber- 
culin (protein). q Schultz. 

Variations in the Content of Ascorbic Acid and Pigment in the Heart 
Muscle. K. Uhlenbroock and R. Boehmig, Virchows Arch. f. path. Anat. 
299:699, 1937. 

Previous work had shown that the lipofuscin content of the cardiac muscle 
increases with the functional activity of the muscle but that the increase is not 
uniform throughout the muscle. It had also been found that the vitamin C of 
the m 3 mcardium increases with the functional state of the muscle. In the present 
work both factors, lipofuscin content and ascorbic acid content, were determined 
in the same material. Because of its greater mass, the heart of the beef was 
selected as permitting comparison of different areas of the myocardium. The 
areas of the left ventricle selected were the subepicardial muscle layer, the sub- 
endocardial layer, the intervening main muscle mass and the main papillary 
muscle. A definite difference ’in content of ascorbic acid was detected, the outer 
muscle la 3 'er being richer in this substance than the rest of the m 3 mcardium. 
Variation in lipofuscin content was also noted; the areas of myocardium poorest 
in vitamin C were richest in lipofuscin. Vitamin C is a catalytic activator of 
cellular metabolism. Because of the relation of vitamin to pigment the authors 
conclude that lipofuscin is identical with melanin. q -p Schultz. 


Effect of Ascorbic Acid and Glutathione on Experimeintal Diphtheritic 
Intoxication. H. Lotze and .S. Thaddea, Virchows Arch. f. path. Anat. 
300:685, 1937. 

In diphtheria and other severe acute infections and intoxications the adrenal 
cortex ma 3 ’’ reveal evidence of damage. The adrenal cortex stores vitamin C. 
Exhaustion of this vitamin or of other natural reducing substances ma 3 ' explain 
the failure to obtain beneficial results from the administration of diphtheria anti- 
toxin. In the experiments reported a large number of guinea pigs was used. 
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A diphtheria toxin (broth filtrate) that would certainly kill the animals in forty- 
eight hours or less was injected intraperitoneally. Some of the animals were 
given only the toxin; these served as controls. Others were given simultaneously 
with the toxin a wide variety of substances, chiefly protein split products. Of 
the many substances used, none was of any avail except the natural reducing 
substances of the body, ascorbic acid, cysteine and glutathione. These prolonged 
the life of the animals in the absence of antitoxin and prevented the changes in 
the liver, spleen and adrenals noted in controls. Since such changes develop 
very early in the course of infections and intoxications the reducing substances 
must be administered early if they are to have beneficial effects. 

O. T. Schultz. 


Microbiology and Parasitology 

Experimental Infection of Mice with Haemophilus Pertussis. W. L. 

Bradford, Am. J. Path. 14:377, 1938. 

A characteristic lesion has been produced in the lungs of mice by intratracheal 
inoculation of suspensions of recently isolated Haemophilus pertussis. It consists 
in interstitial pneumonia with appearance of an excess of mucoid exudate within 
the smaller bronchi and alveolar spaces. The lesion of the parenchyma is more 
conspicuous than that of the bronchial epithelium. Pure cultures of H. pertussis 
have been consistently obtained from the infected lungs of mice from ten to twenty 
days after inoculation. The total leukocyte count has been regularly increased, 
and extreme degrees of hyperleukocytosis have been observed occasionally. 

From Author’s Summary. 

Abscess Production by Fusiform Bacilli in Rabbits and Mice by the Use 

OF SciLLAREN B OF MuciN. R. TuNNicLiFF and C. Hammond, J, Dent. 

Research 16:479, 1937. 

A fusiform bacillus isolated three months previously from a patient with 
ulceromembranous gingivitis produced abscesses about 0.5 cm. in diameter when 
injected subcutaneously into rabbits and abscesses from 1 to 2 cm. in diameter 
when injected into skin prepared by injections of 0.1 cc. of scillaren B solution. 
Although cultures showed only bacillary forms, spirilla-like organisms were 
demonstrated in smears and sections of the abscesses. Ulceration developed in 
one scillaren B prepared abscess in which typical spirochetal forms were seen. 

This strain of fusiform bacilli nine months after isolation did not produce 
abscesses in skin or peritonitis in unprepared mice; but abscesses or peritonitis 
resulted if the mice had previously received scillaren B intradermally or if this 
drug was mixed with the culture and injected intraperitoneally. 

When injections of fusiform bacilli suspended in mucin were made into the 
skin or peritoneal cavities of mice, abscesses or peritonitis developed, but no 
lesions resulted from injections of mucin or bacilli alone. 

More filaments and fewer spirilla-like organisms were demonstrated in lesions 
in mice than in lesions in rabbits, although the culture injected was often rough 
and contained spiral forms. From Authors’ Conclusions. 

Effect of Tissue Enzyme on Pneumococci. R. J. Dubos and C. M. IMacleod. 

J. Exper. Med. 67:791, 1938. 

Polymorphonuclear leukocytes contain an enzyme which destroys the baso- 
philic character of heat-killed pneumococci (R and S variants) and inactivates the 
type-specific polysaccharide antigen of encapsulated cells. The same enzyme, 
however, fails to cause disintegration of the bacterial cells or to decompose the 
capsular polysaccharide itself. The enzyme has been extracted from a number of 
animal tissues. It appears identical with a purified enz 5 rme extracted from pan- 
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creatin, and it decomposes 3 ’^east nucleic acid. These facts are considered with 
regard to the failure of rabbits to produce antibodies for the type-specific carbo- 
hydrate when immunized with heat-killed encapsulated pneumococci by the intra- 
dermal route. From Authors’ Summary. 


Coryza of Domestic Fowl. J. B. Nelson, J. Exper. Med. 67:847, 1938. 

Coccobacilliform bodies were regularly demonstrable in addition to Haemophilus 
gallinarum in exudate from birds infected with a passage strain of a coryza of 
rapid onset and long duration (type III). Both agents were present throughout 
the entire course of the disease. The characteristics of type III coryza were 
reproduced by injecting a mixture of the two agents. The behavior of each com- 
ponent was altered by the association, indicative of a synergistic relation. Evidence 
that the coccobacilliform bodies might occasionally develop in birds infected with 
H. gallinarum following transfer by indirect contact was also obtained. The com- 
bined action of the two infective agents adequately accounts for the development 
of this particular strain of type III coryza. Author’s Summary. 


CuLTH'ATiON OF A'^accinia A'Trus WITH Reticulo-Endothelial Cells. J. AV. 
Beard and P. Rous, J. Exper. Med. 67:883, 1938. 

The patliogenic activit 3 ’^ of vaccinia virus is in large part suppressed when the 
virus is mixed with living Kupffer cells or clasmatocytes in the test tube and 
injected intradermally. This virus increases in quantity when introduced into such 
cultures in vitro and surviv.es in immediate association with these cells. No anti- 
viral principle is elaborated by the Kupffer cells under such conditions. 

From Authors’ Summary. 

Organisms Recovered froji Filtrates of Cultures of Hemolytic Strepto- 
cocci. E. E. Nicholls, j. Infect. Dis. 62:300, 1938. 

The results of the present study tend to confirm further the theory that when 
streptococci are aged under unfavorable conditions small viable forms are pro- 
duced which are capable of passing through filters and which may assume visible 
forms when submitted to suitable conditions. Whether these filter-passing forms 
represent a filtrable stage of the life cycle or are merely viable particles that 
had occasionally escaped through the filter cannot be determined by the results 
obtained in this stud 3 '. However, the influence of the porosity of the filter in 
the recovery of the organisms tends to favor the latter view. 

From Author’s Sumjiary. 

Type-Specific Bacteriophages for Corynebacterium Diphtheriae. E. Y . 
Keogh, R. T. Simmons and G. Anderson, J. Path. & Bact. 46:565, 1938. 

The condition produced in the skin of the rabbit b 3 ^ the injection of live 
pneumococci is inhibited by the addition of type-specific antipneumococcus serum 
in sufficient quantity to the dose of bacteria injected. Antipneumococcus serum 
inhibits the growth of the bacteria when injected with them in sufficient quantity. 
A method is described which permits comparison of the effects of var 3 dng doses 
of two antipneumococcus serums on a constant dose of live culture in the skin 
of the same rabbit. The potency in international units obtained by this method 
approaches that found by the mouse protection test. The accuracy of comparing 
two serums intracutaneously in one rabbit is equal to that of the mouse protec- 
tion test when injections are made into 200 mice. The nature of the effect of anti- 
pneumococcus serum observed by the rabbit intracutaneous method is discussed. The 
two reactions described ma 3 '^ be caused b 3 '’ qualitatively different properties of the 
serum. From Authors’ Summary. 
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Early Changes in the Intima of the Intrahepatic Branches of the 
Portal A^ein in Inoculation Tuberculosis of the Guinea Pig. F. 
Hausbrandt, Virchows Arch. f. path. Anat. 301:223, 1938. 


From five to ten weeks after subcutaneous inoculation of various strains of 
tubercle bacilli in guinea pigs the livers were removed, and the intima of branches 
of the portal vein were studied for early changes. The earliest reaction was 
exudative, consisting in swelling and partial desquamation of the endothelium. 
This was followed by swelling of the subendothelial tissues and proliferation of 
large subendothelial mononuclear cells. These large cells were transformed into 
epithelioid cells, and finally the characteristic tuberculous lesion resulted and 
fused with the perivascular lesion. Hausbrandt’s concept of the course of events 
is that the bacilli penetrated the portal precapillary vessels without detectable 
change in the intima or media. Then a characteristic tuberculous perivascular 
lesion developed. The intimal changes observed developed secondary to the 
perivascular lesion and were not the result of localization of blood-borne tubercle 
bacilli directly in the intima. q 'p Schultz 


Tetanus Bacilli in the Cardiac Blood and Spleen. W. Piringer, Zentralbl. 
f. Bakt. (Abt. 1) 141:375, 1938. 

Piringer reports a case of acute tetanus in which the tetanus bacillus was 
recovered on two occasions from the wound before death and from the cardiac 
blood and spleen after death. He emphasizes the importance of more frequent 
efforts to cultivate tetanus bacilli from the blood in wound infections and the 
probable importance of serum therapy in preventing tetanus-bacillemia. 

Paul R. Cannon. 


Immunology 

Human Influenza in Swine. R. E. Shope, J. Exper. Med. 67:739, 1938. 

Antibodies capable of neutralizing human influenza virus were present in the 
serum of old swine on two New Jersey institutional farms but absent from the 
serum of young swine on the same farms. The old animals had lived through 
the winter of 1936-1937, in which outbreaks of disease of the upper part of the 
respiratory tract were prevalent among the human inmates of the two institutions, 
while the young swine studied were born long after these outbreaks. It is believed 
that the swine the serum of which neutralized human influenza virus had undergone 
an unrecognized infection with human influenza virus, acquired from man. The 
possible bearing of these observations on the theory that swine influenza was 
originally of human origin is discussed. Author’s Summary. 

Immunization with Antigen from Pneumococci. ’ R. J. Dubos, J. Exper. Med. 

67:799, 1938. 

Pneumococci killed by acetic acid at pn 4.2 and then allowed to become gram- 
negative at pn 7 under conditions such that no cellular distintegration takes place 
release in solution small amounts of a substance which is precipitable by acetic 
acid and soluble at a neutral reaction. This soluble fraction injected into rabbits 
by the intravenous route causes production of antibodies which afford definite 
protection to mice infected with virulent pneumococci of types I, 11 and III. 
Other types were not tried. White mice immunized with this soluble antigen 
exhibit some active immunity to virulent pneumococci, but the results have been 
very irregular so far. Soluble fractions, similar in properties and with apparently 
the same immunizing action, have been obtained from both virulent (S) and aviru- 
lent (R) pneumococci. Author’s Summary. 
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Quantitative Protection in Monkey Malaria. L. T. Coggeshall and M. D. 
Eaton, J. Exper. Med. 68:29, 1938. 

The minimal infective dose of Plasmodium knowlesi for rhesus monkeys was 
found to be between 1 and 10 parasites when injected intraperitoneally. As the 
dose of parasites is increased, the length of time prior to the appearance of cir- 
culating parasites is decreased. However, the severity of the infection, once it 
is established, is independent of the initial dose of parasites. In experimental 
passive protection a quantitative relationship was demonstrated between <the number 
of parasites in the inoculum and the effective amount of immune serum given at 
the time of infection and in equal doses daily for nine days thereafter : The smaller 
the inoculum the less was the quantity of immune serum required to prevent the 
death of the animal. In experimental protection, when relatively large amounts 
of immune serums and small numbers of parasites were used, infection was 
prevented. From Authors’ Sujimary. 

Bactericidal Action of Prostatic Fluid in Dogs. G. P. Youmans, J. Liebling 
and R. Y. Lyman, J. Infect. Dis, 63:117, 1938. 

Prostatic fluid was collected aseptically from normal dogs and tested for 
germicidal action on colon bacilli, staphylococci (Staph, aureus), streptococci and 
gonococci. Marked germicidal power was demonstrated for the colon bacilli, the 
staphylococci and the streptococci and very slight germicidal power for the Torrey 
strain of the gonococci. Different samples of prostatic fluid varied considerably in 
germicidal action. The samples were tested for complement and lysozyme, and 
neither of these factors could be demonstrated. Adsorption with either B. coli 
or Staph, aureus removed the germicidal agent, which was apparently nonspecific. 
Heating at SO C. for thirty minutes slightly reduced the germicidal power; heat- 
ing at 55 C. reduced the germicidal power over SO per cent, and heating at 60 C. 
for thirty minutes completely destroyed it. The prostatic fluid could be kept in 
the ice box for over three months without loss of potency. As tested, the germi- 
cidal power of prostatic fluid from a dog was far greater than that of blood serum 
taken from the same animal. 

The results give no indication of the nature of the germicidal substance present 
in normal prostatic fluid, but the active factor does not appear to be similar to 
the factors that have been found to be responsible for germicidal effects in other 
body fluids and excretions. From Authors’ Summary. 

Serologic Properties of a Polysaccharide from the Mucoid Substance of 
Hemolytic Streptococci. H. Loewenthal, Brit. J. Exper. Path. 19:164, 
1938. 

From hemolytic streptococci in the mucoid phase and also from type III pneu- 
mococci a substance can be isolated which has nature of a polysaccharide. Its 
serologic activity can be demonstrated only with serum produced by the use of 
cautiouslj' killed suspensions of young encapsulated cocci. It is neither type 
specific nor species specific, and it appears to be unconcerned with the invasive 
properties of streptococci. The fact that streptococci in the mucoid phase stimu- 
late the formation of protective antibodies and precipitins for the polysaccharide 
from mucoid material only when in the young encapsulated state can be explained 
by the process of deterioration of the bacterial surface which sets in after several 
hours of growth. From Author’s Summary. 

Increase of the Antigenic Property of Serum by Ultraviolet Irradiation. 
W. Stecher, Virchows Arch. f. path. Anat. 300:645, 1937. 

The literature contains conflicting reports on the effect of ultraviolet irradia- 
tion on the antigenic property of serum. Some ascribe to this procedure an 
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increase in allergic activity; others claim that the serum is denatured and loses 
its antigenic property. In the author’s experiments, when rabbits were sensitized 
with untreated swine serum and then given irradiated serum as the provocative 
dose no anaphylactic response was elicited. However, when the animals were 
sensitized with the irradiated serum and given the same serum in the provocative 
injection 3 animals died in anaphylactic shock. The animals that survived revealed 
marked hyperergic inflammatory reactions. The author’s findings are based on a 
small number of animals, 5 in each of the two experiments, q -p Schultz 

Preparation of Typhoid Vaccine with Mercuric Chloride. D. Bartos and 

J. Buchgraber, Zentralbl. f. Bakt. (Abt. 1) 141:355, 1938. 

A 4 per cent solution of mercury bichloride kills typhoid and paratyphoid bacilli 
more rapidly, and produces a A'accine less toxic than the one prepared by the use 
of heat. Agglutinin produced by such a vaccine appeared earlier and in higher 
titer than that obtained by injecting comparable amounts of heat-killed vaccine. 
When injected into human subjects, the mercury bichloride vaccine caused a less 
severe reaction both locally and generally than did the heated vaccine. 

Paul R. Cannon. 

Quantitative Determinations of the Fractions of Complement. A. 

Hegedues and H. Greiner, Ztschr. f. Immunitatsforsch. u. exper. Therap. 

92:1, 1938. 

Practical methods for tlie separation of the four fractions of complement are 
presented. The titer of complement depends on the action of that fraction of 
Avhich there is the least amount. The fractions cannot replace each other; i. e., 
an abundance of one will not compensate for the deficiency of another. The 
quantities of the fractions differ' in different species. The serum of the guinea 
pig has the highest complementary action, then follow in the order of their 
respective titers the serums of : rat, man, hog, dog and rabbit. Alan has a great 
deal of the thermostable fourth fraction (inactivated by ammonium hydroxide) 
and very little of the thcrmolabile albumin fraction, of which a great deal is 
present in the serum of the guinea pig. The thermostable third fraction (inacti- 
vated by cobra venom and by yeast) is particularly abundant in the serum of 
the hog and the thermolabile globulin fraction in the serums of cattle, horse, 
sheep and squirrel. 

The serums of the four last-mentioned species showed a failure of comple- 
mentary action, which was due to deficiency in (only traces) or complete absence 
of all the fractions except the globulin fraction. j Davidsohn. 

Use of Immune Serum in the Treatment of Anthrax in Bulgaria. P. 

Koschucharoff, Ztschr. f.. Immunitatsforsch. u. exper. Therap. 92:53, 1938. 

Among a population of about 6,000,000, there occur from 800 to 1,100 cases 
of anthrax. From 2,000 to 3,000 cases occur in domestic animals. The infection 
is contracted almost without exception by contact with diseased animals. The 
report is based on 521 cases in man. In each case the malignant pustule was very 
characteristic, and bacteriologic studies were superfluous. In most cases it was 
located on the exposed parts (face, arms, legs), but no part of the body was free. 
The mortality was greatest among those who had the primary lesion on the face. 
After a historical review of surgical and chemical therapy, the author presents 
the great successes of serum therapy. The administration of large doses led to 
improvement in results, the mortality dropping from 33 per cent in 1912, with 
average doses of from 30 to 150 cc., to 3 per cent in 1935 and 1936, with larger 
average doses, reaching in some cases 1,500 cc. The methods of producing 
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immune serum are reviewed. It is emphasized that no satisfactory method of 
standardization of anthrax immune serum is available and that normal serum is 
often just as efficacious as immune serum. Davidsohn. 

Blood Groups in Nomads of Asia Minor. S. Irmak, Ztschr. f. Immunitats- 
forsch. u. exper. Therap. 92:74, 1938. 

In Anatolia there are about 500,000 nomads of pure Turkish racial stock 
known as Yuriik. They do not intermarry with the sessile population. A deter- 
mination of the blood groups among 400 of them revealed the following distribu- 
tion: O, 51.3 per cent; A, 40.5 per cent; B, 6.2 per cent, and AB, 2 per cent. The 
biochemical index was 5.2 per cent. This distribution is strikingly different from 
the old finding of Hirszfeld. The discrepancy is explained by the fact that 
Hirszfeld studied Turkish soldiers of different racial stocks. From his observa- 
tions, Irmak draws far reaching conclusions concerning the validity of Bernstein’s 
idea of the origin of the factor B and concerning the anthropologic relations 
between the Turks and the so-called Alpine races. Davidsohn. 


Tumors 

Prognostic Significance of Intracellular Mucicarminophilic Material in 
Carcinoma of the Female Breast. V. K. Frantz, Am. J. Cancer 33:167, 
1938. 

One hundred and thirty cases of operable carcinoma of the female breast have 
been analyzed after radical mastectomy according to the presence or absence of 
axillary metastases, the presence or absence of intracellular mucicarminophilic 
material and the grade of tumor, according to the plan submitted by Haagensen. 
The follow-up on the series includes 97.1 per cent for a five to nine year period. 
The mucicarminophilic material is found in all grades, but the number of cases in 
which it is found decreases with increase in histologic evidence of malignancy. 
The relative amount of the material is found to be related to the length of life 
after operation. The evidence presented indicates that the presence or absence of 
mucicarminophilic material provides additional information for estimating the 
malignancy of tumors of grade 2. It is pointed out that no histologic character 
yet found carries nearly the weight in prognosis that is carried by well known 
clinical findings, such as age, extent of local disease and presence of metastases. 
Moreover, there are probably many other factors of which there is little knowledge 
at present which determine the outcome. Author’s Summary. 

il.^LiGNANT Tumors in Dogs. H. B. Rugguck and R. A. Willis, Am. J. Cancer 
33:205, 1938. 

Nine selected malignant tumors in dogs are described, and their characters 
compared with the corresponding tumors of man. The tumors described com- 
prised carcinoma of the tonsil 2 cases, carcinoma of the cardia of the stomach, 
carcinoma of the pancreas, carcinoma of the prostate, carcinoma of sweat glands, 
cystic and papillary carcinoma of the breast, mixed adenocarcinomatous and osteo- 
sarcomatous tumor of the thyroid, and primary sarcoma of the heart. 

From Authors’ Su^imary. 

Cancer of the Alimentary Tract in Mice. H. G. Wells, M. Slye and 
H. F. Holmes, Am. J. Cancer 33:223, 1938. 

This article is an extension of a similar report made twenty years ago. It 
emphasizes again the striking infrequency of cancer in the alimentary tracts of 
animals of all species other than man, whose digestive canal is the site of approxi- 
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niately half of all carcinoma occurring in man. In 142,000 mice of tlie Slye stock, 
all dying of natural causes, without experimental manipulation, most of tliem of 
cancer age, only 15 primary malignant neoplasms of the stomach have been found, 
8 being squamous cell carcinoma of the cardia, 3 adenocarcinoma of tlie pylorus, 
3 apparently a benign epithelial growth, and 1 primary' sarcoma. In tlie literature 
tire autliors could find reports of but 7 other cases of gastric cancer in mice. 
TJiere were 19 priman- intestinal neoplasms, of which 11 had arisen in prolapsed 
rectums: 6 were squamous cell carcinoma, 2 adenocarcinoma and 3 sarcoma in 
mice of a sarcoma strain, and only 1 was adenocarcinoma. There was also 
1 instance of squamous cell carcinoma of the anus. In tlie literature only 6 otlier 
cases of cancer in the intestines of mice could be found recorded. Not a single 
neoplasm of the esophagus was found in these 142,000 mice, which had produced 
manj' tliousands of otlier tumors, and tlie authors could find in the literature no 
record of a cancer of tlie esophagus in mice. The literature of cancer of tlie 
alimentary canal in animals is reviewed briefly, and the incidence contrasted with 
that in man. From Authors’ Summary. 

Actiox of X-Rays ox Egg Fr.\gmexts. P. S. Hexsh.aw, Am; J. Cancer 33:258, 
1938. 

Experiments have been carried out to determine whetlier a certain radiobiologic 
effect in cells results from changes produced in the nucleus or in some other part 
of the irradiated cells. The effect referred to was a delay in cell division. The 
test material used was eggs of Arbacia punctulata. Nucleated and non-nucleated 
egg fragments were obtained by the centrifuge method, both of which will undergo 
fertilization and development. These were irradiated and inseminated, and the 
moment when 50 per cent had divided was determined. It was found tliat for a 
given dose of radiation an appreciable delaj' was produced in whole eggs and 
nucleated fragments of about tlie same extent in each, whereas no delay was pro- 
duced in the non-nucleated fragments. Thus, since tliere is direct correlation 
between tlie presence of a nucleus and tlie manifestation of tlie irradiation effect 
and since changes occurring in parts exclusive of the nucleus produce no obsenRhle 
effect, it appears tliat the slowing in cell dirision brought about in the eggs of 
Arbacia punctulata by roentgen rays is due to changes produced directly in the 
nucleus by tlie radiation. From Author’s Summ.^^ry. 

A Clixicopathologic Study of Astrocytoma. R, W. Waggoxer and K. Lowex- 

BERG, Arch. Neurol. & Psychiat 38:1208, 1937. 

Waggoner and Lowenberg state that astrocj-toma involves the hemispheres as 
well as the brain stem and very often grows bilaterally, in contrast to other tj-pes 
of glioma, the growth of which is usually unilateral. Sections of tlie whole brain 
harboring astrocjffonia were stained by the method of Weigert, and tlie areas of 
demyelination were traced. On the location of the nucleus of the tumor depends 
tlie furtlier mode of im-asion. For instance, when the nucleus of the tumor is in 
the corpus callosum, the growtli is bilateral and invades the frontal lobes and the 
anterior parts of the parietal lobes. If the nucleus of the tumor is in the splenium 
of tlie corpus callosum, the growtli invades the temporal and occipital lobes and 
both basal ganglions. Unilateral astrocytoma seldom invades tlie corpus callosum: 
it preferably invades tlie pyramidal tract. George B. Hassix. 


The Familial Aspects of Caxcer. H, L. Lombard, New England J. iled. 
218:711, 1938. 

All the methods of study used point toward some hereditar.v tendenc.v to cancer. 
They do not indicate whether all cancer is hereditarj*. The statistical means at 
one's disposal make it impossible to investigate this point. A general hereditari' 



638 


ARCHIVES OF PATHOLOGY 


susceptibility may or may not be present. This study indicates merely that persons 
among whose immediate relatives cancer has occurred have a slightly greater 
chance of contracting the disease than has the remainder of the population. The 
difference between the two groups is not sufficient to cause undue worry, but indi- 
cates without any question that further statistical studies on this problem are 
desirable. From Author’s Sumimary. 


The Chemical Composition of the Active Agent of the Rous Sarcoma 
No. 1. A. Pollard, Brit. J. Exper. Path. 19:124, 1938. 

The tumor-producing agent of Rous sarcoma 1 can be deposited from cell-free 
extracts by means of the Sharpies centrifuge. The resuspended deposit can be 
purified further by fractional centrifugation. The product obtained consists mainly 
of protein, with a variable amount of lipoid material. Preparations of lipoid- 
extracted tumor desiccates contain much smaller amounts of lipoid but retain their 
tumor-producing activity. Author’s Summary. 

Specific Complement-Fixation with the Virus of Shore’s Fibroma. C. E. 
VAN Rooyen, Brit. J. Exper. Path. 19:156, 1938. 

Rabbits immunized with either the lA or OA strain of the virus of Shope’s 
fibroma in the living state had complement-fixing as well as virus-neutralizing 
properties in their serums. The complement fixation reactions afforded no basis 
of distinguishing between the lA and OA strains. Complement-fixing antibodies 
appeared about two to three weeks after injection of the virus. They usually 
disappeared about eight weeks after the last injection of virus. Virus heated to 
55 C. for one hour retained its antigenic properties, giving rise to complement- 
fixing and neutralizing antibodies. Nothwithstanding repeated doses of living (or 
dead) virus, no complement-fixing antibodies appeared in the serum of certain 
rabbits. The serum of such animals, however, showed a powerful virus-neutralizing 
effect. Therefore, though all serums yielding complement fixation also neutralized 
the virus, it could not be said that all serums showing neutralization of the virus 
showed the presence of complement-fixing antibodies. 

From Author’s Summary. 

Giant Cell Tumor of Bone. E. K. Dawson, J. R. M. Inness and W. F. 
Harvey, Edinburgh M. J. 45:491, 1938. 

Giant cell tumor of bone is a neoplastic growth, probably originating with 
trauma and hemorrhage and developing as an osteogenic reaction and proliferation, 
which may slowl}’’ progress and ultimately regress, but which in rare cases acquires 
the characters of osteogenic sarcoma. It may be classed as a type of new growth 
intermediate between purely reactive tissue and true blastoma. 

From Authors’ Summary. ■ 

AIicromanipulation and Microdissection of the Inclusion Body of Mol- 
LUSCUM CoNTAGiosuM. C. E. Van Royen, J. Path. & Bact. 46:425, 1938. 

Fresh material obtained in 10 cases of human molluscum contagiosum has 
been stained intra vitam with brilliant cresyl blue and subjected to microdissec- 
tion. The inclusion body of molluscum contagiosum has been successfully removed 
from the infected epithelial cell. It has also been replaced in the same cell 
without injuring the latter. The removal of the inclusion body leaves a large 
cavity in the cell. The cytoplasm does not flow into this space, the cavity being 
apparently lined by a localized condensed layer of cytoplasm. The boundaries of 
this cavity have been defined by injecting india ink into it or alternatively by 
introducing india ink into the surrounding cytoplasm. The inclusion body prob- 
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ably grows from a more minute form of the virus. It is not formed by desic- 
cation or by fusion of any intracytoplasmic constituents of die cell. It is 
suggested that the large oval or pear-shaped form of the inclusion body repre- 
sents a later stage of development than the smaller spherical one. The large 
pear-shaped inclusion bodies have been shown to possess a definite outer mem- 
brane. which is thinnest at tire conical pole. These observations have been 
established by demonstrating tire tensile strength of the membrane on “palpation" 
with the point of a microneedle. The weakness of the conical segment has also 
been revealed by transfixing die inclusion bod 5 ' between two needles and exerting 
traction on its walls. The elementary virus bodies contained within the inclusion 
body of molluscum contagiosum have been shown to be supported in a gelatinous 


mucoid substance. 


From Author’s Summary. 


Immunity Against C-vrcinoma in the R.vbbit. A. Besredka and L. Gross. 

Ann. Inst. Pasteur 60:5, 1938. 

Brown-Pearce carcinoma was usuallj' fatal when injected into the testicle, 
brain or anterior chamber of die eye of the rabbit. The mortalitj- after sub- 
cutaneous injection was lower. Intracutaneous inoculation produced a benign 
tumor, which was ultimately resorbed and whicli rendered the animal immune. 
Rabbits naturally refractive have never been found. 

The carcinomatous material was attenuated so that it did not produce tumors 
by storage at 0 C. for twenty-one days or at 37 C. for from two to three days, 
by addition of bile or glycerin or b}' freezing and drawing. Rabbits treated with 
attenuated material were not immune to active carcinoma. 

Intracutaneous inoculation of unattenuated material uniformly resulted in solid 
and lasting immunity. Tumors could not be produced in immune rabbits regard- 
less of the size of the dose or of die route of administration. This immunity 
was entirely cellular and could not be transmitted passively. Serum from immune 
animals in doses of SO cc. had no specific effect whether given before or after 
the introduction of the epithelioma. Experiments in parabiosis also failed to show 
any evidence of passive transfer. g Gunnison. 


Basilar and Sacral Chordoma. H. von Braitenberg, Frankfurt. Ztschr. f. 

Path. 50:509, 1937. 

The author reviews the recent literature and cites die classification of chordoma 
according to Coenen and Linck. Five tumors of this tj-pe are then presented. 
Three of these were basilar chordoma. Two were benign. The third was malig- 
nant and composed chiefly of die large vesicular cells characteristic of chordoma, 
with intracellular spaces containing much mucoid material. Two of die tumors 
were malignant sacral chordoma with invasion of die surrounding bones. The 
author believes diat chordoma belongs to the dysontogenetic tj'pes of tumor, and 
that it arises from remaining chorda complexes in die perivertebral tissue. In 
chordoma are found cells tjTpical of all the different stages of development of the 
chorda dorsalis, the early cell tj’pes being present diiefly in the malignant forms. 
The amount of mucoid material is larger in malignant than in benign chordoma. 
This material is drought to be the product of degenerated cells. Also, glycogen, 
which is present in the cells of the chorda dorsalis, is found in the tumor cells. 

Annemarie Strauss. 

CuLTH'ATioN OF Adult TISSUES IN HuMAN Serum. R. Taszkan, A’ircliows 

Arch. f. path. Anat. 299:106, 1937. 

It was found possible to cultivate adult human and animal tissues in human 
serum in the absence of chick embrj'-o extract. Chicken plasma and human serum 
in equal quantities of 0.5 cm. were used, and the tissue fragment was implanted. 
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After coagulation of the medium, 1 cc. of Ringer’s solution was added. After two 
daj^s of incubation, the liquid was pipetted off and replaced by human serum diluted 
1 : 4 with Ringer’s solution. Thereafter the liquid portion was changed every five 
days. By this procedure it was possible to cultivate connective tissue of the spleen, 
heart, kidney, placenta and liver and epithelium of the kidne}'’ and liver. The 
growth-promoting factor is held to be derived from cells in which the membrane 
has been injured and into which unassimilable substances have penetrated. The 
injury to the cells is overcome by growth. The serum of pregnant women and 
of persons with malignant tumors supported growth better than did normal human 
serum. The disintegration of tissue within the organism leads to increased pro- 
teolysis ; the proteolysins are active only against the denatured proteins of the 
organism from which they are derived. q j Schultz 


The So-Called Astrocytoima of the Cerebellu:m. H. Bergstrand, Virchows 
Arch. f. path. Anat. 299:725, 1937. 

Cushing noted that astrocytoma of the cerebellum differs from cerebral astro- 
cytoma in the fact that it occurs predominantly in children and 3 ’’oung adults and 
in the fact that a much better ■ prognosis may be given if the tumor is removed 
surgicalljL In 1932 Bergstrand reported the results of a study of 11 examples of 
this tumor and concluded that the term “astrocytoma” is a misnomer. He now 
reports on 45 additional tumors of this group. Of the 56 tumors, 18 occurred in 
the first decade of life, 15 in the second and 16 in the third. So-called astrocytoma 
may involve the pia as well as the parenchyma of the cerebellum, in which case 
the pia contains heterotopic tissue. The cerebellar tissue adjacent to the tumor 
reveals malformation. The stratum granulosum is reduced, Purkinje cells are 
absent, and on the surface of the molecular layer is an added zone of neurofibrils 
and glia by means of which the tumor is attached to the pia. The tumor itself 
represents congenital maldevelopment. “Astrocytoma” is an improper name for 
it because the growth consists of embryonic glia cells, neuroblasts, axis-cylinders 
and medullated nerve fibers. It should be termed glioneuroblastoma. Areas of 
the tissue may become differentiated, fibrous and very hard. Because the tumor 
is congenital, few of its victims reach the age of 25 years unless the tumor has 
been surgically removed, c 


Epithelial Changes in the Female Breast in Relation to Age and Cancer, 
B. Korpassy, Virchows Arch, f. path, Anat, 299:793, 1937. 

Presumably normal breasts obtained at necropsy from 300 women aged 13 to 
89 j'ears were examined histologically with special reference to epithelial pro- 
liferation. In each instance both breasts were examined. Dilatation of small 
ducts into cysts was so common as to be almost physiologic, being observed in 
two thirds of the cases. Duct dilatation with epithelial proliferation occurred in 
48.7 per cent of all the cases, and the incidence as well as the extent increased 
progressively with age, the incidence reaching a maximum of 75.5 per cent in 
women over 70 3 "ears of age. The proliferated epithelium was of the small cuboidal 
t 3 'pe that normally lines the ducts or of the tall pale apocrine type. Although 
the degree and frequency of epithelial proliferation increased with age, no changes 
suggestive of invasion or earh"^ malignant growth were observed. In a woman 
aged 80 3 ^ears histologic examination revealed a small carcinoma in each breast; 
neither growth was associated with other epithelial proliferation. In a woman 
aged 64 a pea-sized carcinoma of the breast was discovered; in the involved breast 
there was ‘proliferation of duct epithelium. Statistical analysis of the author’s 
material in comparison with a series of carcinomatous breasts established that in 
cancerous and noncancerous breasts there is a progressive increase in degree and 
frequenc 3 ’^ of epithelial proliferation with advancing years and that epithelial pro- 
liferation is more frequent in breasts with cancer than in those without. Although 
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the author’s material 3 'ielded no evidence of direct transformation of the epithelial 
proliferation of cj'stic disease of the breast to carcinoma, he looks on the epithelial 
proliferation as the last stage before cancer. q -p Schultz 


The Association of Pachymeningitis with Tumors. E. Lass, Zentralbl. f. 

allg. Path. u. path. Anat. 69:404, 1938. 

In a series of 46 bodies with pachjmieningitis haemorrhagica interna there 
were 6 which had cellular nodules attached to the dura. These nodules seemed 
to arise from the inner aspect of the dura. They protruded above the surface of 
the thin young membranes and were buried deeply in the thick old membranes. 
The cells of the protrusions resembled those coating the dura, and most clumps 
contained numerous psammoma bodies. There seemed to be no relation between 
the occurrence of such nodules and the age of the patient or the thickness or 
extent of the pachymeningitis. 

The richest nodular hyperplasia was encountered in the body of a woman 85 
3 'ears old who had marked arteriosclerosis. Her brain was altered by softening. 
The dura of the right middle and posterior cranial fossae was covered by pachy- 
meningeal membrane and contained linseed-sized firm nodules. As a differential 
diagnostic aid. Lass cites the case of a woman whose dura was altered extensively 
bj' metastases from a cancer of the breast. The nodules encountered were veins 
filled with tumor cells. 

The possibility is advanced that nodular hyperplasia is related to true neoplastic 
growth, such as meningioma. Hi'perplasia occurs also in sites unassociated with 
pachymeningeal membranes and possibly is related to some vascular disturbance. 
It is known that new capillary formation occurs on the inside of the dura when 
the veins on the outside are obstructed. New vessel formation does not occur 
when the veins on the inside of the dura are occluded. 

George J. Rukstinat. 
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Osseous Changes in Man Following Prolonged Ingestion ■ of Fluorides: 

Report of a Case, John T. Bauer. 

Chronic fluoride poisoning in man has been manifest in two forms: (1) mot- 
tled enamel, or dental fluorosis and (2) osteosclerosis. An instance of the latter 
occurred in a Negro laborer who for eighteen years had handled finely ground 
rock phosphate, a sample of which contained 3.88 per cent fluorine. He was 
admitted to the medical service of Dr. R. H. Farley at the Pennsylvania Hos- 
pital because of syphilitic aortitis. Roentgenologically the osseous changes were 
increased density, loss of detail despite increased exposure and lack of normal 
sharpness along the tendinous attachments, with formation of osteophytes and 
exostoses. These changes were greatest in the vertebrae, ribs and sternum and 
least in the long bones of the extremities. Gross examination of the bones con- 
firmed the roentgenologic report of osteophytes, exostoses and roughening of the 
muscular attachments. Also noted were: (a) chalky white patches on the sur- 
faces, {h) plaques of thin cortical bone and (c) increased thickness of the cortex 
of the ribs and, to a less extent, of the bones of the extremities. Microscopically, 
the cortex of the ribs encroached on the marrow spaces, but amorphous granules 
were not observed. Determinations of the specific gravity of the bones indicated 
that they were less dense than normal; hence the increased opacity to irradiation 
was thought to be due to increased formation of bone. Chemically, the bones 
had from ten to twenty times the normal fluorine content. The bones with the 
greatest amounts had given the greatest differences roentgenologically in life. 
Analyses for ash, calcium, phosphorus and carbon dioxide gave normal values. 

Clinically and pathologically the patient did not have anemia or other changes 
which could be ascribed to the prolonged ingestion of fluorides. From the stand- 
points of the roentgenologist (Bishop, P. A.: Am. J. Roentgenol. 35:577, 1936), 
the pathologist (Bauer, J. T. ; Bishop, P. A., and Wolff, W. A. : Bull. Ayer Clin. 
Lab., Pennsylvania Hasp. 3:67, 1937) and the chemist (Wolff, W. A., and Kerr, 
E. G. : Am. J. M. Sc. 195:493, 1938), the observations on this case indicate that 
it agrees in general with the two others similarly studied and reviewed by 
Roholm (Fluorine Intoxication, London, H. K. Lewis & Co., Ltd., 1937). 

Notes on a Form of Renal Disease of the Dog. H. M. Martin. 

Of domestic animals, the dog seems to be the most commonly and most 
seriousl}’' affected by renal disease. And perhaps the most frequent and impor- 
tant lesion of the kidney of the dog is a kind of interstitial nephritis which often 
appears as a sequel to distemper, especially when this condition is complicated 
by pneumonia. Other acute infections also may be considered as causative factors. 

The acute stages of interstitial nephritis are not often seen at necropsies, 
probably because the animals usually survive these stages and the disease pro- 
gresses to the subacute or chronic phases with scar formation. Thus the “inflam- 
matorj’ shrunken kidney” of the dog is believed to be identical in most instances 
with the late stages of interstitial nephritis. 
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In the acute phases of this disease the capsular surface of the kidney is elevated 
by well circumscribed grayish or yellow-graj’' foci of variable dimensions. These 
are more or less closely placed over the organ. On the cut surface similar infil- 
trations occur as small circumscribed nodules or wide irregular areas obscuring 
the usual markings and causing widening of the cortex so that it comes to 
approximate the width of the medulla. 

The histologic changes vary with the gross appearances, but in all a constant 
feature is more or less extensive infiltration of the interstitial tissues by cells of 
the lymphocyte series, chiefly large forms, with small numbers of polymorpho- 
nuclear leukocytes. These cells accumulate principally in the cortex, but in severe 
cases the medulla is involved also. Occasionally the medulla alone is infiltrated. 
Small blood vessels also contain increased numbers of lymphocytes. The tubules 
and glomeruli are essentially unchanged at this time. 

These acute phases of the disease apparently are followed by scarring with the 
result that the kidney may come to have an appearance resembling that which 
follows multiple infarction or pyelonephritis; or scar formation may be diffuse, 
and a small granular, tough, leathery organ result. With these changes the 
cortex is narrowed greatly. 

The microscopic appearance of such organs may be similar in certain respects 
to that due to chronic glomerulonephritis, and differentiation may be difficult. 
However, glomerular changes in this instance appear to be part of the general 
interstitial disease and affect first Bowman’s capsule with secondary disease of 
the capillary tuft. Calcification of the glomerular capsule with fibrosis and 
calcification of the tuft may occur, or glomeruli may appear hypertrophic. An 
interstitial infiltrate of lymphocytes may be seen about the scarred areas, suggest- 
ing progressive disease. 

The clinical signs of interstitial lymphocytic nephritis vary. Often the first 
evidence of disease is ulcerative stomatitis. There may be also marked visual 
disturbances or ascites or hydrothorax. Usually anemia is present. Probably the 
most common terminal change is severe hemorrhagic gastroenteritis. 

That renal function is impaired may be shown by an analysis of the blood. 
The specific gravity of the urine is low, albumin is present in variable amounts, 
and casts, leukocytes and erythrocytes are often found. 

Leukosis of Fowls. E. L. Stubbs. 

“Leukosis” is a term used to include the leukemia as well as the leukemia-like 
diseases of fowls. Several different tj'pes of leukosis have been described, some 
of which are transmissible (a fact which facilitates study of these types) while 
others cannot be transmitted and are not well understood. 

Transmissible types are readily transferred from diseased to normal chickens 
by injections of blood, organ emulsions or filtrates. The causative agent is more 
active in the blood cells than in the plasma and filtrates. Transmission succeeds 
best with injection of whole blood. In tests made thus far the causative agent has 
resisted drying from the frozen state for at least nine hundred and thirty-two days. 

The period of incubation varies from one week to four months. The younger 
the chickens the more susceptible they are as measured by the period of incubation 
and the mortality. Natural methods of spread are not well understood. Mos- 
quitoes and mites have been tried as vectors of this disease, without success. 

There have been reported strains of leukosis that produce leukemia rvhen 
injected intravenously and tumors when injected locally. Apparently such strains 
stimulate cells of more than one type to unrestricted growth. Mixed strains may 
produce a wide variety of changes. Some strains appear pure and produce results 
of only one type; the stimulation of the hemopoietic tissues to abnormal activity. 

Tumors of the Nerve Sheaths in Fish. Balduin Lucre. 

The tumors reported here closely resemble the complex group of human neo- 
plasms arising from nerves. They were found in 39 fish belonging to three 
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species of snappers. Usually but one growth was present, though occasionally 
several were noted. The tumors were firm and resilient and usually had a white 
cut surface. Histologically they showed considerable variation in structure. They 
usuall}’- had a distinctly fasciculated makeup, and the cells were arranged in 
interlacing bands or whorls. In many tumors the oval nuclei were grouped in 
more or less parallel rows or palisades, between which were dense masses of 
fibrils. 

The relative ease with which these tumors may be secured in tropical waters 
renders them favorable material for the study of an important group of neoplasms. 

Neoplastic Disease of the Pancreas in Reptiles. Herbert L. Ratcliffe. 

Some time ago, in the course of autopsies at the Zoological Garden, enlarge- 
ment of the pancreas of a pine snake was noted. In sections of this organ much 
of the normal tissue seemed to have been replaced by neoplastic epithelium 
(Ratcliffe, H. L. ; Am. J. Cancer 24:78, 1935). As a result of this observation 
histologic study of the pancreas in reptiles became a routine practice, and apparent 
tumor formation has proved to be relatively common. 

Thus far the disease has been limited to snakes, the greater number of which 
have represented North American species. In 72 pancreases from these animals 
the gross appearances have not been informative, but sections revealed in IS exten- 
sive destruction of the parenchyma by tissue that resembled carcinoma. Focal 
changes that suggested early stages of tumor growth were found in 9 other 
specimens. 

According to my present interpretations, the earliest stages of the disease are 
small areas within the organ that are occupied by abnormal branching ducts, 
loosely arranged and pale-staining, among which are fragments of glandular tissue. 
These ducts are composed of irregular, indistinctly outlined flattened epithelial 
cells, the nuclei of which are variable in size but larger than normal. 

In more advanced foci parenchyma cells are not recognizable, the ducts are 
more prominent, and their cells less regularly arranged, often forming multilayers 
about distorted lumens. Groups of these elements usually lie in loose formation 
with variable amounts of fibrous tissue between. 

Apparently the process extends from the smaller foci to involve the whole 
organ, glandular tissue being replaced more or less completely by either an 
irregular network of ductlike structures which are supported by stroma of varying 
density or more compactly massed elements that resemble acini. 

There appear to be two possible explanations for these lesions : Either the 
whole process represents primary hyperplasia of the ducts with secondary damage 
of the parenchyma, or the parenchyma is damaged primarily and the ductal hyper- 
plasia is an attempt at regeneration. To me the first suggestion seems the more 
suitable. 


NEW ENGLAND PATHOLOGICAL SOCIETY 

Charles Branch, President 
Regular Meeting, Oct. 21, 1938 
Granville A. Bennett, Secretary 

Etiologic Factors in the Development of Silicosis. Leroy U. Gardner. 

While it is generally agreed that of all the inorganic dusts only free silica 
and asbestos are particularly harmful, there is still uncertainty about what con- 
stitutes a hazardous concentration of silica in the atmosphere. Experimental 
observations and observations in the field indicate that the atmospheric concen- 
tration of silica regarded theoretically as hazardous has not invariably been 
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associated with disease and that the amount of pulmonary reaction is not directly 
proportional to the quantity of silica in the rock creating a particular dust. 
There are two sets of factors whose action tends to retard the anticipated effects 
of silica; one set, acting in the atmosphere, brings about flocculation of silica with 
a reduction in the amount inhaled, and another, acting inside the .bodj’’, retards 
the ordinarj' irritating effects of silica on the tissues. It is postulated that the 
latter retardation is the result of coating the grains of silica in various ways so 
that effective contact of silica with tissues is interrupted. 

Examples of atmospheric reduction in silica from the point of dust generation 
to the breathing zone were shown, and the chemical and histologic effects on 
experimental animals were demonstrated. Evidence for the belief in atmospheric 
flocculation was presented. 

The case for inhibitory action inside the body is based on a series of experi- 
mental observations. First, all crj’stalline and cryptocrystalline forms of silica 
excite characteristic reactions, and the rate of tissue response is inversely pro- 
portional to the particle size of the silica. The latter observation indicates a 
direct relation between the extent of the exposed mineral surface and the irri- 
tating properties of the mineral. Second, various silicates and nonsiliceous min- 
erals do not produce such a reaction; in fact, most of them are essentially inert 
regardless of their silica content or physical properties. Third, the injection of 
different natural and artificial mixtures of free silica with silicates and non- 
siliceous minerals does not produce reactions proportional to the amount of free 
silica. If the mixtures contain enough free silica, a modified type of silicosis 
ultimately develops but at a much delayed rate. In other words, time rather 
than dose of silica is the determining factor. Finally, experiments with metallic 
aluminum and the hydroxides of aluminum and iron form the basis for the belief 
in a protective coating of the silica particles. 

DISCUSSION 

R. Z. Schulz; There are several questions which may be raised in connection 
with silicosis, its progress and the complications which may arise. The impor- 
tant factors in the production of the silicotic lesion have been emphasized by 
Dr. Gardner. Substances which may inhibit or delay the production of these 
lesions are of industrial and clinical importance. Erwin has advocated the use 
of aluminum dust as such an inhibitory substance. Limestone dust has also 
been used. What is Dr. Gardner’s opinion concerning the role of such substances 
in delaying the production of the silicotic lesion? The fact that certain sub- 
stances can delay the production of the lesions is also of importance to those 
who attempt to evaluate the hazards arising from exposure to dust in industry. 

Another question I should like to ask hds to do with the relation between 
silicosis and tuberculosis. Concerning this matter, some work has been done 
which indicates that when silica is added to artificial mediums for the cultivation 
of tubercle bacilli it has a stimulating effect on the growth of these organisms. 
I should like to have Dr. Gardner express his opinion concerning the possibility 
that silica acts as a stimulating factor in the development of tuberculosis in those 
human beings in whom both disease processes occur. 

Francis P. McC.arthy: I hope Dr. Gardner will say something on the 
differentiation between silicosis and siiicotuberculosis. It is of some interest to 
note that the pulmonary consolidation in silicosis is concentrated in the lower 
lobes of the lungs. 

Figures pertaining to the incidence of silicosis and siiicotuberculosis in patients 
examined at the Braintree Tuberculosis Hospital and the Quincy City Hospital 
indicate that siiicotuberculosis is more prevalent in an older age group than is 
tuberculosis alone. 

A questioner whose name was not obtained asked : Will Dr. Gardner say some- 
thing more about inhibitor minerals? 

Another question was ; Apropos of the question on inhibitors, are there sub- 
stances that will accelerate the progress of silicosis? 
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Dr. LeRoy U. Gardner: In reply to a question as to the injury produced by 
spun glass: Injection of such material into the ear veins of rabbits produced 
no more reaction than the natural silicates previously described. It was therefore 
concluded that this material should not be considered as a dust likely to produce 
pulmonary fibrosis. 

Several questions sought further elucidation of the action of inhibitor minerals. 
I believe that they merely delay the interaction between the surface of the silica 
particles and the body fluids; in all cases thus far observed their effect was tem- 
porary, and when observations were continued over a sufficient period silicotic 
fibrosis of a modified type ultimately developed. It might be possible, of course, 
to coat the surface of quartz grains with membranes which would never be 
dissolved or dislodged, and in this case permanent protection would be theoreti- 
cally possible. The experiments of Kettle may be cited. He obtained no reaction 
to the injection of silica particles chemically coated with iron. 

In discussing the possibility of substances which would accelerate the effects 
of silica, in the tissues, doubt must be expressed as to the validitj’- of this theory. 
I have not attempted to investigate such activity by experiment, but I may cite 
the negative evidence published bj^ Dr. Cary McCord. He stated that in his 
opinion the similarity between the lesions of rapidly developing silicosis in the 
“soap powder cases” and those in sand blasters and workers in the Gauley Bridge 
tunnel pointed to an excessive concentration of comparative!}’’ pure silica in a 
fine state of subdivision as the probable cause of the rapidly developing disease. 

All of the other questions bore on the subject of tuberculosis in association 
with silicosis. 

In response to a question as to how to differentiate individual silicotic from 
tuberculous lesions, I admit the difficulty but I place much reliance on the dis- 
tribution pattern of the lesions. To observe this pattern I employ large thick 
sections, 3 or 4 inches (7.5 or 10 cm.) in diameter, which can be studied with 
a low power binocular microscope. The arrangement of hyaline collagen in 
typical silicotic foci tends to be more uniform and presents concentric lamination, 
which is not found in tuberculosis. While necrosis (and even calcification) may 
occur in the centers of pure silicotic nodules, it is not usually associated with 
the leukocytic reaction. The tuberculous reaction is rarely confined to the area 
of nodule formation but extends into the surrounding pulmonary air spaces. In 
areas of conglomerate fibrosis a tuberculous complication may be manifested by 
cellular reaction and caseation typical of tuberculosis or sometimes merely by 
diffuse necrosis involving all of the preexisting silicotic reaction. In the latter 
case the cellular and fibrous elements lose their sharp outlines, the nuclei no 
longer stain, and the whole focus presents a pale ground glass appearance. 
Infiltration of the focus by polymorphonuclear leukocytes is usual. Stains for 
tubercle bacilli may or may not disclose organisms. The result of inoculation 
of involved tissue into guinea pigs is a more reliable criterion of infection. 

Cavities may form in the centers of areas of massive fibrosis as a result 
of ischemic necrosis. Such cavities are different from those due to tuberculosis. 
Instead of being spherical or ovoid, they are generally elongated and slitlike. 
They do not show a wall composed of well defined layers; their margins are 
composed of granular debris abutting on firm, usually deeply pigmented scar 
tissue. They are not usually trabeculated. 

In reply to a question as to the means of differentiating in the living subject 
between the area of massive fibrosis in simple silicosis and the lesion of tuberculo- 
silicosis, one must state that it is often most difficult and requires prolonged 
obsen’ation. The simple condition, I believe, is due to excessive accumulation 
of silica and other dust in pulmonary tissue damaged in most cases by previous 
infection. Massive fibrosis due to tuberculous complication might arise either 
from reactivation of an old latent focus or from reinfection in a resistant sili- 
cotic subject. Since the course of such disease is extremely chronic, without 
symptoms of intoxication and without tubercle bacilli in the sputum for many 
years, the condition might readily be confused with massive fibrosis of the first 
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tj-pe. However, the ultimate outcome of lesions in which living tubercle bacilli 
have played an etiologic role is the development of typical chronic tuberculosis 
with all of its characteristic signs, symptoms and tissue changes. Such an out- 
come might ensue only years after the first recognition of an area of tuberculo- 
silicosis in a roentgenogram. 

The differentiation of the two lesions is based on repeated physical, roentgeno- 
graphic and bacteriologic examinations of the subject. A progressive loss of 
body weight might be the first indication of activity. Inoculation of the sputum 
into guinea pigs or culture of the sputum might be necessarj' to detect tlie 
presence of a few tubercle bacilli. A negative tuberculin reaction is significant, 
provided a strong enough tuberculin is injected. (Ordinary doses frequently 
fail to produce reactions in men with such lesions.) Botli kinds of lesions pro- 
duce dyspnea, which may or may not incapacitate for work. ’ Since treatment 
for such advanced lesions accomplishes little, patients should all be watched for 
the appearance of tubercle bacilli in the sputum. In this event they should, of 
course, be removed from contact with others and particularly from contact with 
any fellow workman who is unduly susceptible to tuberculosis by virtue of having 
silicosis. 


Charles Braxch, Prcsidcut 
Regular Meeting, A'oi*. 17, 193S 
Granville A. Bennett. Secretary 

P.vTHOLOGic Observations on Equine Encephalitis in Han. Sidney F.\rber 
and Charles Branch. 

This report concerns material from nine postmortem examinations at the 
Massachusetts Memorial Hospitals and five at the Children’s Hospital, Boston, 
in the early fall of 1938. The diagnosis of equine encephalitis was made either 
by the identification of the virus obtained from the brain (L. D. Fothergill and 
J. H. Dingle; L. T. Webster and F. H. Wright) or by tlie results of pathologic 
examination. A composite picture of our observations follows; 

Edema and congestion of the brain and spinal cord and generalized visceral 
congestion were present to a severe degree. On microscopic examination diffuse 
meningoencephalomyelitis was found. The changes may be regarded as of several 
t\-pes. First, there was widespread involvement of nerve cells ranging from early 
involvement of nuclei and cytoplasm to complete disappearance of these. The 
areas of dead and dying neurons contained cellular collections composed mainly 
of polymorphonuclear cells and microglial cells. The second type of change con- 
sisted in perivascular accumulations of cells. In the early stages of tlie disease 
this reaction consisted mainly of neutrophils, lymphocytes and large mononuclear 
cells. As the duration increased, the predominant cells were lymphocytes and 
large mononuclear cells, a cell picture which paralleled that in the spinal fluid. 
Third, there was diffuse meningitis, most marked over the base of the brain and 
present only to a slight degree over the cord. The meningeal reaction corre- 
sponded to that found in the perivascular spaces. One instance was noted in 
which the meningeal reaction over the base of the brain was severe enough to 
give the gross picture of acute pyogenic meningitis. The fourth type of charac- 
teristic reaction consisted in the presence of lesions in both arterioles and venules. 
Numerous small thrombi were present in the small vessels. In addition, many 
of the vessels showed complete involvement of their walls, characterized by 
neutrophilic infiltration and deposition of fibrin actually within the walls. Demye- 
Hnation was not a prominent feature except in areas where tissue had been 
destroyed entirely by the inflammatory process. 
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The cord in most of the cases showed no involvement except for edema and 
congestion. Occasional evidences of early damage to nerve cells could be demon- 
strated. One case was noted in which the entire cord showed evidences of nerve 
cell destruction. 

The distribution of the lesions was of some interest. The most severe involve- 
ment was found in the basal ganglions and in the brain stem. There was diffuse 
involvement of the cortex, although numerous small uninvolved areas could be 
found. The olfactory bulb was either spared or little involved. The cerebellum 
showed occasional slight evidences of inflammation, and these corresponded in 
degree of severity to those found occasionally in the cord. 

This type of encephalitis falls into Greenfield’s group II of polioclastic enceph- 
alitis. In this group are found encephalitis lethargica, rabies, equine encephalo- 
mj^elitis, St. Louis encephalitis, Japanese encephalitis B and poliomyeloencephalitis. 
The picture in equine encephalitis as seen in this material corresponds closely to 
that described in St. Louis encephalitis and Japanese encephalitis B. Qualita- 
tively the changes are similar to those found in encephalitis lethargica ; the nearest 
comparison, which amounts in some cases almost to duplication, particularly after 
the disease process has reached the five day stage, is that to the picture in St. 
Louis encephalitis. Vascular lesions, which were so prominent in these instances 
of equine encephalitis, have not been stressed in the other forms. Except for 
the difference in distribution, with particular reference to the absence of involve- 
ment of the anterior horn cells in tire spinal cord in this disease, the type of 
damage and cellular response closely corresponds to that observed in poliomyelo- 
encephalitis. No bacteria were found in association with the early lesions, either 
by cultural or by staining methods. 

The changes in the body consisted mainly of congestion and edema. Severe 
pulmonary edema was present as a terminal phenomenon in all cases. In the 
lungs of a patient who died forty-eight hours after the onset and from whose 
blood stream no organisms could be cultured, early interstitial pneumonia was 
found. In various organs of the body of the same patient small vessels showed 
scattered small thrombi. 

A detailed report of the pathologic observations is being prepared. 

DISCUSSION 

Allen M. Hill (by invitation) : During a period of six weeks, beginning 
late in August and ending early in October, there was admitted to the Children’s 
Hospital a group of 8 patients who, by the character of their illnesses, the 
physical findings and the. results of studies of the spinal fluid, appeared to be 
suffering from a severe form of encephalitis. To date 5 of these patients have 
died, and 3 have recovered sufficiently to be able to return home. All- of those 
who succumbed were examined post mortem, and from 3 a virus was recovered 
which was identified as that of the Eastern strain of equine encephalom 3 ^elitis. 
A study of the serums of those who recovered, in which neutralization tests are 
being made, has not as yet been completed. 

The ages of the patients ranged from 1 month to 7%2 years. Seven were 
infants under 18 months of age. 

In none of the patients did the illness progress for a period of more than 
forty-eight hours before admission to the hospital. The onset was abrupt, with 
all the patients becoming acutely ill within three to twelve hours. Each pre- 
sented on admission to the hospital two or more of the following s 3 miptoms : 
high fever, vomiting, coma, rigidit 3 ’^ and convulsions. At one time or another 
during the illness all had one or more generalized tonic, and occasional b’' clonic, 
commlsions. Neurologic examination revealed Kernig’s signs, mild cervical 
rigidit 3 ’’ and semiconsciousness or coma, and in infants, tense bulging of the 
fontanel. In those who survived sufliciently long, a peculiar nonpitting edema, 
prominent in the periorbital spaces and to a lesser extent in the extremities, 
developed three to four days after the onset of the illness. Leukocytosis was 
present in all, the cell count ranging from 13,600 to 35,000, with the differential 
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count showing from 64 to 90 per cent pobmiorphonuclear Ieukoc 3 hes. The spinal 
fluid (on admission) showed from 246 to 2,000 cells, with poljmiorphonuclear 
leukocj'tes predominant in percentages of 60 to 100. Within a few days the 
spinal fluid cell count decreased, and this decrease was accompanied by a reversal 
in the polymorphonuclear leukocyte-mononuclear cell ratio. The protein of the 
spinal fluid was elevated in all (50 to 140 mg. per hundred cubic centimeters), 
the sugar content was normal (qualitative), and cultures ga\'e no bacterial growth. 
A search for tubercle bacilli was unsuccessful. 

Of the patients who died, 2 succumbed within forty-eight hours after the 
onset of the illness, 2 lived seven and nine days, respectively, and 1 died at the 
end of twenty-one days. Of the 3 children who survived, all were found to have 
some neurologic residual: 1, spastic right hemiplegia and partial deafness; 1, 
right hemiparesis and incoordination of the upper extremities, and 1, spastic 
diplegia. There has been some degree of improvement in all these patients since 
their return home. 

LeRoy D. Fothergill (by invitation) : The clinical features, epidemiologic 
aspects and mode of transmission of the Eastern and Western varieties of equine 
encephalomyelitis were reviewed. During the past summer an extensive epi- 
demic of encephalomyelitis occurred among horses in southeastern Massachusetts. 
Encephalitis appeared in a number of human beings in the area where the horses 
were diseased and was shown to have been caused by the virus of the Eastern 
variety of equine encephalomyelitis. This virus was isolated from the brain 
tissue in S fatal cases. Its identit.v was established by protection tests in immun- 
ized guinea pigs and by neutralization tests with hyperimmune serums. 

During this epidemic a total of about 40 probable cases in man came under 
observation. The mortality rate was about 65 per cent. At the present time, 
extensive studies are being conducted by means of neutralization tests. The 
serums of convalescent patients, of various contacts of the patients, of veteri- 
narians and of various other persons, such as those suffering from minor illnesses, 
are being examined. Clearcut positive results are being obtained with the serums 
of convalescent patients. Neutralizing antibodies have not been demonstrated in 
the serums of family contacts or in veterinarians so far as concerns the specimens 
examined up to the present time. A detailed report of these studies will be 
published in the near future. 

John H. Dingle (by invitation) : I have but one or two comments to add. 
The virus of equine encephalomyelitis has been widely used in investigative work, 
not only because there is little danger of laboratory infection in man, as Dr. 
Fothergill pointed out, but also because the common laboratory animals are 
susceptible to it. In addition, experimental infections have been produced by 
Remlinger and Bailly and by others in various avian species. No such infection, 
however, has been produced in the chicken. 

In 1933 Giltner and Shahan produced infection in pigeons with the Western 
type of the virus. These workers, as well as Ten Broeck, Hurst and Traub, 
pointed out the possibility that birds were host reservoirs. 

During the recent epidemic here the death of unusual numbers of pigeons was 
noted by dealers and residents in the region of the epidemic and in surrounding 
areas. My co-workers and I were fortunate in obtaining one of these pigeons, 
and from the brain we isolated a virus which we identified as the virus of the 
Eastern type of equine encephalomyelitis. This virus, as well as tlie strain 
obtained from human brain material, produced a fatal infection in normal pigeons. 

This observation indicates that the domestic pigeon may be a host reservoir 
of the virus; indeed, it is possible that these birds may constitute a primary 
reservoir and that both horses and man are secondary hosts. If such is the case, 
the observation mentioned by Dr. Fothergill, that the disease in horses appeared 
almost simultaneously on both sides of Chesapeake Bay, is easily explained. In 
this regard it is interesting that one of the pigeon dealers noted that the “losses 
of pigeons stopped with the onset of cold weather’’— an observation which bears 
out what has been repeatedly observed in epidemics of the disease in horses. 
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Adenocarcinoma of the Jejunum Treated by Enteroenterostomy and Com- 

PUCATED BY INTUSSUSCEPTION. Lester M. Friedland (by invitation) and 

M. F. Wiener. 

A white man aged 68 was admitted to the Cumberland Hospital, Brooklyn, on 
Feb. 10, 1938, with a history of having lost 20 pounds (9.1 Kg.) in weight within 
the past four months and a complaint of abdominal pain, vomiting and constipation, 
increasing in severity and frequency, for the past ten days. The past history of 
the patient and the family history were irrelevant. The patient was cachectic; 
the temperature was 101.6 F. ; the pulse, 106; the respirations, 26, and the blood 
pressure, 118 systolic and 64 diastolic. The heart and lungs were normal. The 
abdomen was soft and distended. There was visible peristalsis in the right half 
of the abdomen. No masses were felt. 

The blood showed moderate polynucleosis and an increased urea nitrogen 
content (34 mg. in 100 cc.). The gastric analysis gave normal values. Roentgen 
examination showed distention of the intestines. 

The patient was observed until Februarj^ 11, when, under local anesthesia, an 
exploratory laparotomy was made through a midline incision. A hard annular 
constriction of the jejunum producing intestinal obstruction was discovered. A 
diagnosis of carcinoma of the jejunum was made. Because of the poor condition 
of the patient, resection was deferred, and a side to side anastomosis short- 
circuiting the constricted portion was performed. 

There was marked improvement for forty-eight hours after the operation, 
followed by complicating parotitis and abdominal pain, distention and tenderness, 
and finally shock, from which the patient died on the twelfth postoperative day. 

Autopsy. — The abdomen showed a clean laparotomy wound. The left inguinal 
region bulged and was found to contain gas communicating witli that in the peri- 
toneal cavity. The peritoneal cavity contained about 2,000 cc. of purulent fluid 
and foul-smelling gas. All surfaces of the intestine were covered with fibrin and 
were adherent. The heart weighed 460 Gm. The lungs showed bronchiectasia, 
pleural thickening, multiple calcified pleural nodules and bilateral apical fibrosis, 
with surrounding areas of caseation and calcification. 

About 1.2 meters from the duodenojejunal junction was a large mass consisting 
of intussuscepted jejunum. When the outer layer was opened, the mucosa pre- 
sented itself in the shape of a tube 30 cm. in length. The lumen of the distal end 
of this was markedly constricted by a fungating, partly necrotic and ulcerated 
annular adenocarcinomatous mass. Ten centimeters proximal to the mass a slit- 
like stoma of the recent anastomosis communicated with the internal cylinder 
of intestine. At one end of the stoma there was a perforation of. the wall, 8 mm. 
in diameter, communicating with the peritoneal cavity. 

The liver showed fat replacement and mild cirrhosis. The kidneys showed 
arteriolosclerotic changes and extratubular deposition of calcium. The prostate 
was hypertrophied. 

Anatomic Diagnosis. — ^The following conditions were diagnosed: carcinoma of 
the jejunum; a jejunojej unostomy wound; intussusception of the jejunum; per- 
foration of the jejunum (operative site); generalized peritonitis; benign hj'per- 
trophy of the prostate; hydronephrosis on the right; renal arteriolosclerosis and 
calcinosis ; apical pulmonary tuberculosis (healed) ; nodular calcification of the 
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pleura; bronchiectasis; fibrous pleural adhesions; cardiac hypertrophy; replace- 
ment of the liver by fat; visceral congestion and cloudy swelling. 

Carcinoma of the jejunum is rarely encountered, the largest series reported 
being that from the Mayo Clinic, which comprised 21 cases recorded up to 1929. 
A review of the literature to date fails to reveal any case similar to that described 
here. 

The probable pathogenesis of the intussusception and the anatomic relations 
of the tumor and the enteroenterostomy are conceived to be as follows: The 
tumor produced obstruction, which was relieved by the short-circuiting entero- 
anastomosis. The latter was sufficiently near the neoplasm to be involved in the 
intussusception, which probably took place ante mortem. 

Summary. — A thorough review of the literature reveals the infrequency of 
carcinoma of the jejunum. A case of this condition is reported here. The patient 
was treated by enteroanastomosis. This was followed by perforation, generalized 
peritonitis and preterminal intussusception. 


Suppurative Thrombophlebitis of the Azvgos Vein Associated with Abscess 

OF THE Lung. Jacob Furth. 

Thrombophlebitis of the azygos vein is of importance from the standpoint of 
the pathogenesis of septic infections and their surgical control. There are only 
2 cases of this disturbance on record, one reported by H. Nathan (Vircliozvs Arch, 
f. path. Amt. 281:430, 1931) and the other by E. Beer {Ann. Surg. 96:687, 1932). 

Our patient, a 57 year old man, acquired in 1936 an abscess of the lung, the 
etiologic background of which was not disclosed. Following resection of a rib and 
drainage of the abscess, he was well until five weeks after the operation; then 
pain appeared in the region of the fifth rib, and the temperature rose. Two months 
after the operation an abscess was noted in the wall of the chest and was drained. 
Ten weeks after the operation the patient died. 

Postmortem examination showed fibroid pneumonia involving the greater part 
of the middle lobe of the right lung and adjacent parts of the upper and lower 
lobes, purulent bronchitis with slight bronchiectasis, and bronchopneumonia of 
all lobes. A small cavity, lined by thick fibrous connective tissue, marked the 
site of the drained abscess. Pleural adhesions bound the lungs to the chest wall. 
There were numerous abscesses in all lobes of the lung, most of them located 
peripherally. The posterior mediastinum was the site of suppurative inflammation 
with extensive fibrous adhesions and numerous pockets of pus. The azygos vein 
was embedded in this fibropurulent mass of tissue. Adherent thrombus filled the 
lumen of the distant third of the vein, and its remaining part was almost com- 
pletely occluded by fibropurulent material. Friable red thrombi were seen in 
several small branches of the pulmonary artery, but the pulmonary veins appeared 
free from thrombi. The other organs were free from abscesses. A smear of the 
exudate of the azygos vein contained numerous mononuclear and polymorpho- 
nuclear leukocytes and many long chains of streptococci. The sputum contained 
hemolytic Staphylococcus aureus and nonhemolytic streptococci of the alpha type. 
The pulmonary abscess, pus from the azygos vein and blood from the right 
auricle of the heart, taken post mortem, yielded nonhemolytic alpha streptococci. 
Blood taken from veins of the arm during life and cultured was sterile. 

The findings are in accord with the views of Schottmiiller and Nathan on the 
pathogenesis of sepsis. In Nathan’s case there was, in addition to thrombophlebitis 
of the azj'^gos vein, thrombophlebitis of the pulmonary vein, and accordingly there 
were numerous abscesses in the greater circulation, including the kidneys and liver. 
In the present case only the pulmonary arteries were involved, and abscesses were 
not found in the organs supplied by the greater circulation. 
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Immunologic Studies with Transplantable and Virus-Induced Growths 

OF Rabbits. John G. Kidd (bj'’ invitation). 

An immunologic study of the Shope papilloma has shown that saline extracts 
of the growths contain a complement-binding antigen that is closely associated, 
if not identical, with the virus causing them (/. Exper. Med. 68:703, 725 and 737, 
1938). A similar study of the transplanted Brown-Pearce carcinoma has demon- 
strated that it, too, contains a specific complement-binding antigen, which is 
similar in its general traits to that derived from the virus-induced papillomas 
{Proc. Soc. E.vper. Biol. & Med. 38:292, 1938). 

The antibody that reacts with the complement-binding antigen of the Brown- 
Pearce tumor has been found only in the serum of rabbits which bear the Brown- 
Pearce tumor or in which this tumor has retrogressed. It has not been present 
in the serum of the man}-^ normal rabbits tested, nor in the serum of rabbits with 
transplanted uterine cancers .(Greene), of rabbits with virus-induced papillomas 
or of rabbits with various other diseases, including syphilis and vaccinia. The 
complement-binding antigen has regular^' been found, and in considerable amount, 
in saline extracts of the Brown-Pearce . tumor, wherever this is situated in the 
body. It has not been present, however, in extracts of the normal tissues of 
rabbits, in extracts of their uterine cancers or virus-induced papillomas or in 
extracts of rabbit tissues infected with vaccine virus or virus III. 

Heating at 60 C. for thirt}' minutes has no great effect on the complement- 
binding antigen of the Brown-Pearce tumor, but heating at 65 C. inactivates it, 
as does also treatment with alcohol, treatment with acid to pn levels of 2.5 and 
4.5 and treatment with alkali to pw levels of 10 and 11.5. In three experiments 
the antigen has passed readily through membranes with average pore diameters 
of 471, 397 and 383 microns and larger, but not through others with pore 
diameters of 348, 293 and 255 microns and smaller. The active material can be 
deposited readily with the high speed centrifuge, all of it coming down at 20,000 
revolutions per minute for ninety minutes. The active material when purified by 
four differential centrifugations gives strongly positive results in the Millon, 
xanthoproteic and biuret tests for protein and a delayed Molisch reaction (imme- 
diately positive on hydrolysis). Spectroscopic examination of the purified active 
material from several sources has shown in each instance characteristic curves, 
with maximum absorption in the region of 2,600 angstroms (Lavin). 

(The possible significance of the findings was discussed.) 

DISCUSSION 

Jacob Furth : Dr. Kidd has convinced those present that both the papilloma 
and the Brown-Pearce carcinoma contain heavy substances, presumably pro- 
teins, with similar properties. I suppose, although he did not mention this, that 
one produces tumors and that the other is innocuous. I should like to hear about 
his attempts to produce tumors with the hea^'y protein of the Brown-Pearce tumor, 

John G. Kidd: So far as the experiments go, the antigenic material derived 
from the Brown-Pearce tumor has not proved pathogenic. The work has not 
gone far enough, however, to be conclusive. 

Joel Warren: Is there any difference in the complement-fixing power of an 
extract of the papilloma of the domestic rabbit in contrast to the complement- 
fixing power of an extract of the growth in the cottontail? 

John G. Kidd: Extracts of growths from domestic rabbits, which contain 
little or no active virus, fix complement poorly or not at all. Extracts of papil- 
lomas from cottontails, containing much virus as a rule, fix it notably well. 

Jacob Furth: There is a minor question of importance to those who work in 
this field. The tables show that the titer of complement fixation was 1 : 320 with 
the crude extract, but onlj’^ 1 : 40 with the virus concentrate obtained b 3 ' high 
speed centrifugation, while the supernatant fluid was inactive. One would expect 
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tlie concentrated virus to be more active than the crude extract. How does Dr. 
Kidd explain this finding? 

John G. Kidd: The sedimented material used in the test was not concen- 
trated: it was finally resuspended in the same volume of fluid as was present 
originally. I have a feeling that some of the virus and some of the complement- 
binding antigen remained in the supernatant fluid and stuck to the sides of the 
tubes in tliis experiment, as it undoubtedlj' has in other similar tests, and hence 
the amount of active material in the sediment was reduced in comparison with 
the crude material. Furthermore, if one throws material down hard in a cen- 
trifuge there is inevitably a good deal of aggregation of the sedimented stuff; 
not all of it can be resuspended in monodispersed form ; much remains in clumps, 
and the clumped material is not very effective as a complement-fixing antigen. 
All these incidents, perhaps, account for the finding mentioned. 

Biopsv OF M.iteriai. Obtained bv Aspiration in the Diagnosis or Tujiors. 

Fred W. Stewart (by invitation). 

It is now eight j'cars since diagnostic aspiration for the detection of neoplasms 
was first practiced in the Alemorial Hospital for the Treatment of Cancer and 
Allied Diseases, Members of the staff claim no originality for their use of the 
method but only a rather extensive experience in the application of this very 
simple procedure. The exact number of cases in which a diagnosis of cancer was 
made by this method has not been determined, but in tlie past four years there 
have been upward of 2,600 cases in which a positive diagnosis of cancer has been 
rendered from material obtained through a 17 or IS gage needle. The aspiration 
biopsy is never employed in cases of an accessible ulcerated tumor but only in 
cases in which either no tissue for biopsy could be obtained otherwise or in which 
circumstances make surgical excision of tissue for biopsy undesirable. The technic 
for obtaining material has already been described, and its exact fulfilment con- 
tributes notably to success in the use of the method. A negative report is of little 
significance and may be regarded as of value only when tlie clinical evidence is 
fully compatible with such a report. In the early days of the use of the method 
my associates and I viewed it with some hesitancy, a hesitancy fully shared by 
certain colleagues, who became vociferous in their objections. In our opinion, 
the method is becoming more useful year by j'car, and, properly interpreted, the 
smear is as valuable as the section. Naturally there are definite limits to inter- 
pretation of a smear, but one has to accept a method in the light of its usefulness 
rather than in that of its limitations. 

One might refer to interpretation of a section as analytic pathologic examina- 
tion. Interpretation of a smear, on the contrary, might be called S 3 mthetic 
pathologic examination, since one has to reconstruct the organized pathologic 
picture from loose cells and small aggregates of cells and rarely from one cell. 
To do so one must know all the clinical data in the case and especially the exact 
historj' of the patient and the status of the part subjected to aspiration of material. 
One cannot merely look at a smear and expect an immediate diagnosis of some 
specific type of cancer. If, however, one Imows the age of the patient, the region 
involved and the history of the illness, and if one possesses knowledge of the 
types of tumors, benign and malignant, common to the region, one can from the 
isolated cells of a smear synthesize the pathologic picture and arrive at a proper 
diagnosis. (A demonstration of lantern slides followed.) 

DISCUSSION 

N. Chandler Foot: I do not know win* there has been so much “sales 
resistance’’ to the presentation of this method, and I think that after hearing 
Dr. Stewart’s presentation tonight most of those present will see that there is 
nothing formidable about the method and that it ought to be employed much more 
than it is. It is being used at New York Hospital, with very good success, but 
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there has always been a disinclination on the part o£ the surgeons to use this 
method rather than biopsy of tissue obtained by excision. The only tumors with 
which my associates and I have had difficulty have been those of the stringy, 
fibrous, rather dry type sometimes encountered in the chest in the form of desmoid 
fibroma or of fibrosarcoma, which is well differentiated and very fibrous. Most 
of the other malignant tumors that we are interested in are more or less soft 
and apt to be granular, and there is not much difficulty in getting the material 
into the syringe. Dr. Stewart has shown the method. I think if one explains 
to the surgeon that if the vacuum is maintained, most, if not all, of the tumor 
cells that are detached will go into the syringe and not be transmitted elsewhere 
in the body, his fear of metastases will be allayed. In my opinion, there is not 
much ground for this fear. All the members have seen that most of these slides, 
even when shown as black and white lantern slides, are fairly readily diagnosed 
from their seats — one was so difficult that Dr. Stewart himself was not quite 
sure about it — but when a pathologist looks at these in the laboratory he knows 
where they come from, the surgeon has told him the source of the aspirated 
material and the history of the patient, and there are a great many other aids, 
among them that of color. 

This leads me to the matter of stains. One can use a variety of stains; one 
is not limited to hematoxylin and eosin, and I think in studying material aspirated 
from lymph nodes one arrives at definite impressions, particularly in cases of 
Hodgkin’s disease, if one uses a good Giemsa stain, for instance, and is fortunate 
in finding eosinophils in the aspirated material, which one usually does. 

The interpretation of the evidence of tumor is sometimes difficult, but I believe 
that most of the difficulty is encountered in the early days of one’s experimentation 
with the method. After one has experimented with it a little while, one acquires 
a good deal of insight and has no difficulty in making a satisfactory diagnosis. 
In the case of tumor of the breast in which an aspiration biopsy and later a 
radical operation have been done, it is always possible to have a biopsy of excised 
tissue at the time of operation, as a check up, and it is also possible to examine 
material obtained in the axillary dissection and see whether or not metastases 
have occurred there. So I see no objection to this method at all, and feel that 
it is not used as often as it should be. 

A. R. Casilli; My associates and I have a modest experience with the 
aspiration biopsy and our efforts have been more than compensated by the success 
we have had with it. A successful reading of the aspirated material depends 
on several factors. One of them is that the pathologist should have familiarized 
himself with the appearance of various tumor cells, and the best way to do that is 
to aspirate material from surgical specimens as a routine and study the cell 
pictures presented. A second factor is the eosin and hematoxylin stain, which is 
of fundamental importance. The third — ^and this offers an advantage over the 
ultimate paraffin section — is that with most aspiration biopsy slides one can reach 
a diagnosis within a short period, perhaps ten or fifteen minutes, after the time 
of aspiration. 

Amour F. Liber: What criteria are used in judging whether mucin is present? 
Are special stains necessary? 

Fred W. Stewart: No. 

Amour F. Liber: How do you differentiate mucin and interstitial substances, 
such as those found in myxoid degeneration? 

Fred W. Stewart: We are making diagnoses of cancer from smears; we 
are not interested in the specific nature of mucoids. 

Solomon Weintraub: My associates and I have not been fortunate in getting 
surgeons to use the aspiration biopsy, but internists have permitted us to make 
biopsies of this type on enlarged livers. Our method is somewhat different from 
that of Dr. Stewart. I wonder if he has used the method which we use. We 
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take a syringe containing physiologic solution of sodium chloride and equipped 
with a 13 gage needle. After we have struck the liver, we aspirate into the saline 
solution and remove the whole content with the needle. In that way we have been 
able to get enough material for diagnosis in every case. I wonder whether the 
saline method has been used at the Memorial Hospital. 

Fred W. Stewart: We have not used it. We find the 18 gage needle per- 
fectly satisfactory, and we want to keep the procedure as simple as possible. 
Just as soon as people began to write about the method, there appeared all kinds 
of complicated gadgets with which to get the tissue, and outfits were manufactured 
and sold for §25, whereas any tight needle and syringe can be used. We have 
always used tlie technic that I described, which can be carried out in any one’s 
office. 
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La reaction de fixation dans les tuberculoses humaines et animales. Achille 
Urbain. Second edition. Pp. 146. Price 28 francs. Paris ; Masson & Cie, 
1938. 

The publication of this second edition of “Complement Fixation in Tuberculosis” 
was delayed by the necessity of completely revising the first edition. Although 
certain chapters were maintained within their primary limits, to others extensive 
additions were made, necessitated by the recent advances in this field. The volume 
is further augmented by a complete bibliography of the subject and an enlighten- 
ing historical introduction. No detail, practical or theoretical; is omitted. If one 
wishes to read only about an interesting branch of scientific achievement, recorded 
from its inception at the turn of the century, this volume supplies both enlighten- 
ment and entertainment. The text is composed of seven chapters, beginning with 
the preparation of the elements of the reaction and their titration, and no details 
are lacking as to their preparation, the essential systems and finally (chapter 3) 
the technics of the reaction, in the presentation of which the methods of Calmette 
and Massol, Besredka and Petroff are elucidated. An additional chapter (4) is 
devoted to the tuberculous antibodies, their presence in organs and exudates, their 
transmission from mother to infant, the cutaneous reactions and tuberculous anti- 
bodies, the nature of these antibodies and their role. Chapter S is . devoted entirely 
to complement fixation and the Vernes resorcinol seroflocculation and a com- 
parison of the results of the two technics. The extensive studies in the field of 
diagnosis by complement fixation in tuberculosis become evident (chapter 6) only 
when the results in the various forms of localization of the disease (visceral, 
lymphatic, osteoarticular, cutaneous and seromembranous) are detailed. Finally, 
a chapter (7) is devoted to the application of complement fixation to the diagnosis 
of tuberculosis in animals. After completing the text, which is written in French, 
one cannot go far astray in concluding that this volume of 146 pages should find 
a place on the bookshelf of every serologist who can read French, as a ready 
reference to any phase of complement fixation in tuberculosis. It should be avail- 
able also to every student of tuberculosis and medicine who faces the problem of 
being conversant with the various diagnostic phases of tuberculosis. Even though 
the application of fixation to the diagnosis of human tuberculosis is still disputed 
and the best figures admit only from 85 to 95 per cent positive reactions in cases 
of pulmonary tuberculosis, with 10 per cent positive reactions among nontubercu- 
lous persons, there are those who maintain that with proper reservations and dis- 
criminative evaluation the method is useful and of real interest in medicine when 
considered in the light of the results of other methods of examination. Among 
animals, the reaction is positive with from 90 to 98 per cent of those that have 
tuberculosis and negative with from 90 to 100 per cent of those that are not 
tuberculous. As a whole, this compact volume by Urbain is a good presentation 
of a difficult subject in a highly specialized field of medicine. 

Surgical Pathology of the Diseases of the Neck. Arthur E. Hertzler, M.D., 
Surgeon to the Agnes Hertzler Memorial Hospital, Halstead, Kan., and Pro- 
fessor of Surgery in the University of Kansas. Pp. 237, with 206 illustrations. 
Price §5. Philadelphia: J. B. Lippincott Company, 1937. 

This is the latest in a series of nine monographs on surgical pathology, with 
others to follow. The previous monographs dealt, in the order of their appear- 
ance, with diseases of bones, of the skin, of blood vessels, of muscles and nerves, 
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of the genitourinarj' tract, of the female generative organs, of the mammar}’- glands, 
of the peritoneum, of the gastrointestinal tract and of the thyroid. Each dealt with 
an organ or a group of organs that functionally formed a natural unit. 

The subject matter of the latest monograph is a region of the body with a 
variety of organs united onl}’’ topographically. That deprives the book of some 
of the coherence which characterized the former monographs. 

It has, as have the former monographs, the distinctive flavor of the author’s 
personality in its style, in its humor and even in the treatment of the subject 
matter. This personality is the same that is responsible for the already apparent 
literary success of the recent autobiography of Hertzler. 

The first chapter deals with a general review of surgical conditions of the 
neck; the following three chapters take up Hodgkin’s granuloma, lymphosarcoma, 
l 3 'mphoepithelioma and endothelioma of the Ijmiph nodes (which Hertzler persists 
in calling lymph glands). Rare primary tumors (of the carotid body, of the 
nerves and so forth) and tumors due to developmental abnormalities are dis- 
cussed in the fifth and sixth chapters. The remaining four chapters have to do 
with benign tumors, with inflammations and tumors of the salivary glands, with 
metastatic growths and with inflammatory lesions of the neck. 

The book will be of considerable interest to the surgeon and ought to provide 
pleasant reading for the pathologist, although the informed pathologist will find 
in it relativel}’’ little factual information. 

The illustrations are abundant and excellent ; the photographs of specimens and 
especially the. photomicrographs would gain if the magnification were stated. 

The bibliographic references are intended to be selective. The index fills 
9 pages and is well organized. The paper, print and binding are e.xcellent. 

La tuberculose pulmonaire chez les sujets apparemment sains et la vac- 
cination anti-tuberculeuse. L. Saye, Professor de Phthisiologie a I’Uni- 
versite de Barcelone. Paper. Pp, 256, with 88 illustrations. Price, 60 franc.s. 
Paris ; Masson & Cie, 1938. 

This timely monograph on the occurrence of tuberculosis among apparently 
normal persons summarizes the numerous publications of recent years dealing 
with the epidemiology, pathology, diagnosis, therapeutics and prophylaxis of tuber- 
culosis. There is definite evidence that the rate of tuberculization in urban com- 
munities is falling. However, roentgenologic demonstrable pulmonary lesions 
of tuberculosis have been found in from 1 to 3 per cent of persons apparently 
well. The incidence of tuberculosis among soldiers, students, nurses and other 
groups is summarized. Of the newer problems in the field of pathologj% the 
occurrence and the mode of production of epituberculosis are discussed. Saye 
concludes that epituberculosis results from compression of bronchi by enlarged 
nodes. This condition is at times associated with the presence of tubercle bacilli 
in the sputum. The relative importance of physical, fluoroscopic and roentgeno- 
graphic examination, the importance of the tuberculin test and the demonstration 
of tubercle bacilli are discussed in the chapter dealing with the diagnosis of tuber- 
culosis. Saye considers fluoroscopic examination important but inferior in value 
to roentgenographic examination. In his discussion of allerg^^ he mentions that 
the intracutaneous test has greater sensitivity than the Pirquet test. In his own 
investigations he has used Koch’s old tuberculin in amounts up to 10 mg. With 
the purified protein derivative of the tubercle bacillus the reactions were less 
marked than with old tuberculin, but the percentage of positive reactors was the 
same with both tuberculins. The result obtained by microscopic examination of 
sputum and gastric contents for tubercle bacilli is inferior to that obtained by 
either cultural procedures or inoculation of animals. Saj'e devotes considerable 
space to the use of the BCG vaccine. He is convinced of its innocuousness and 
its value in protecting against tuberculosis and believes that this vaccine will play 
an important role in the control of tuberculosis. In conclusion he discusses the 
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importance of periodic examination of contacts. The style is terse, and the 
numerous tables summarizing the results of various investigators are highly 
informative. 

A Textbook of Bacteriology. Thurman B. Rice, A.M., M.D., Professor of 
Bacteriology and Public Health at the Indiana University School of Medicine. 
Second edition. Cloth. Pp. 563, with 121 illustrations. Price $5. Phila- 
delphia: W. B. Saunders Companj’^, 1938. 

In the preface Rice expresses himself as feeling “that the book has been highly 
successful.” The present revision retains the plan of the first edition, namely, 
that of providing a relatively simple textbook of such size that students may be 
expected to master it in one semester. The book is intended mainly for the med- 
ical student. It covers bacteriology and the applications of the science to practical 
medicine in considerable detail, and it may well be doubted whether students really 
can “master it in one semester.” But all the topics of the 58 chapters are not 
of equal importance to the student, and there is room for condensation and even 
elimination if “the textbook should contain only those phases of the subject as 
are rather definitely established.” By way of illustration reference may be made 
to the discussion of “antivirus” on page 475 and elsewhere. Here and there a 
tendenc}'^ to dogmatism has resulted in pronouncements the soundness of which 
may be questioned. For example: Is there reliable evidence that the Semple 
vaccine is of value in preventing rabies in dogs ? Is it established that “aggressins” 
and “antiaggressins” exist as specific substances? Is it accepted that human con- 
valescent serum is of value in the treatment of infantile paralysis? Is it known 
that foreign proteins “after being precipitated, are phagocytized and in that way 
digested so that they can no longer do harm?” Is it sound practice to permit 
or arrange for children to have measles “when they can be given proper care”? 
Does any one know that there is increased susceptibility to infection in the “nega- 
tive phase”? Is it definitely settled that tetanus toxin is not absorbed by any 
other cells tlian nerve cells and that it is not conveyed to the central nervous 
S 3 '’stem by the blood? No mention is made of lymphocytic choriomeningitis, 
venereal lymphogranuloma and the Frei test or of the remarkable recent advances 
in the investigation of yellow fever. The omission of all bibliographic references 
robs the independent student of guidance to outside reading and tends to lower 
the scientific level of the presentation. 


The Harvey Lectures Delivered under the Auspices of the Harvey Society 
of New York, 1937-1938. Under the patronage of the New York Academy 
of Medicine. Series XXXIII. Clotlr. Pp. 275, with illustrations. Price $4. 
Baltimore: Williams & Wilkins Company, 1938. 

This volume contains the following lectures : The Nature of the Visual Process, 
bj" Selig Hecht, professor of biophysics, Columbia University; the Pasteur- 
Me 3 "erhof Reaction in Muscle Metabolism, by Einar Lundsgaard, professor of 
physiology. University of Copenhagen; The Functional Significance of the Lym- 
phatic System, by C. K. Drinker, professor of physiology. Harvard University 
School of Public Health; Transfer of Water and Solutes in the Bod 3 % by John P. 
Peters, professor of medicine, Yale University; The Cortical Representation of 
Somatic Sensibility, b 3 ’^ Philip Bard, professor of physiology, Johns Hopkins Uni- 
versit 3 ’’; The Isolation and Properties of Tobacco Mosaic and Other Virus Pro- 
teins, by Wendell M. Stanley, tire Rockefeller Institute for Medical Research, 
Princeton, N. J. ; The Chemistr 3 ’’ and Biology of Male Sex Hormones, by F. C. 
Koch, professor of biochemistr 3 ''. University of Chicago ; Experimental H3'P£i't2'i' 
sion Induced b 3 ' Renal Ischemia, b 3 ’^ Harr 3 ’- Goldblatt, professor of experimental 
patholog 3 % Western Reserve Universit 3 ^ These lectures review abb^ recent 
advances in the fields of research represented. 



BOOK REriElVS 


659 


A Critical Investigation o£ the Blood Groups and Their Medico-Legal 
Application. Dawood I^Iatta, IvI.B.. Ch.B. (Cairo). Ph.D. (Glasgow), Lec- 
turer on Forensic ]\Iedicine, Faculty of Medicine. University of Egv-pt, Cairo. 
Pp. 231. Cairo; The Egj'ptian Unh-ersity, 1937. 

The main tlresis of this study is the demonstration of tire e.xistence in groups B 
and AB of subgroups analogous to the subgroups of groups A and AB. On this 
basis human beings could be divided into the following blood types : O, Ai, A:, Bj, 
B:, AiBi, AiB:, A:Bi and AsB:. l^Iatta has produced a number of anti-0 reagents 
by suitably diluting and absorbing immune serums obtained by injecting human 
blood of group O into certain rabbits and goats. Such serums, according to 
ilatta, act intensely on all O bloods, somewhat less strongly on bloods of sub- 
groups A: and B:, only moderately on blood of subgroup A;Bs and weakly or not 
at all on bloods of the other subgroups. The author asserts that tlie published 
exceptions to Bernstein’s theory are probably valid. He therefore proposes a new 
hj-potliesis to explain the inheritance of tlie blood groups and to account for the 
existence of the subgroups. However, there are weaknesses in his arguments 
against Bernstein’s theory and obvious flaws in his own theory of inheritance. 
The inheritance of the blood groups, subgroups and M-N types was studied in a 
series of 104 families with 315 children, and no exception was encountered to 
Bernstein’s theory of the inheritance of tire blood groups or to the theory of the 
inheritance of the M-N types held by Landsteiner and Levine. Matta also describes 
some of his experiences in determining blood groups on dried blood stains and 
secretions. 

Human Pathology. Howard T. Karsner, AI.D., Professor of Pathologj’, Western 
Reserve University, Cleveland, Ohio. With an Introduction by Simon Flexner, 
AI.D, Fifth edition, revised. Cloth. Pp. 1013, with 461 illustrations. Price, 
SIO. Philadelpiiia : J. B. Lippincott Company, 1938. 

The first edition of this book was published in 1926. The purpose of the work 
was and is “to present the morphologic alterations incident to disease in the light 
of modern views as to their functional significance.” The issue of a new and 
revised edition approximately every third year shows that tlie book has met a 
definite need. The present edition presents a thorough revision of every chapter, 
new illustrations and new references. No change has been made in the general 
arrangement of the book. Human pathologj- is presented in the two traditional 
divisions of general and special. The field usually covered by general pathologv- 
has been reduced somewhat, and wisely so, by limiting the chapter on infection 
to general principles. The author writes (page 219) : “Tiie phenomena of resis- 
tance and immunity are covered in special texts. The pathologj' of many of tlie 
special infections must be sought in the sections on special pathologj'- or in books 
and original articles on the subject.” The division of special pathology, as cus- 
tomary, includes all the organ systems e.xcept the skin, eye and ear. Karsner’s 
book is well arranged and well written ; it will be a reliable guide for the student 
and useful for reference. 

A Textbook of Histology. Alexander A. Maximow, late Professor of Anatomy, 
University of Chicago, and William Bloom, Associate Professor of Anatomy, 
University of Chicago. Third edition. Cloth. Pp. 668, with 542 illustrations. 
Price 87. Philadelphia : Mk B. Saunders Company, 1938. 

This book needs no detailed introduction. It has achieved the position of a 
standard text, noted for the competence and clearness of its presentation and the 
excellence of its illustrations. The present edition has been revised thoroughly 
and includes the recent advances in histologj- and “histophysiology.” In the 
e.xplanation of the relation of function to structure, facts are taken from pathology 
as well as from physiology. Forty-two new illustrations have been added, includ- 
ing one in colors of the cells of the human marrow. It is a pleasure to add that 
the publisher has done his part most creditably. 
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Annual Report of the Medical Department for Year Ended 31st 
December, 1937, Including the Annual Report of the Medical Laboratory, 
Dar es Salaam, Tanganyika Territory. Paper. Pp. 92. Price 4 shillings. 
Dar es Salaam : Government Printer, 1938. 

Report on Radium Beam Therapy Research 1934-1938. Constance A. P. 
Wood, L. G. Gtimmet, T. A. Green and others. Medical Research Council 
Special Report Series, no. 231. Pp. 75. Price §1.20. London: His Majesty’s 
Stationery Office, 1938. 

Handbuch der Virusforschung. Herausgegeben von Prof. Dr. R. Doerr, 
Basel, and Prof. Dr. C. Hallauer, Berne. Erste Halfte. Paper. Pp. 546, with 
71 illustrations. Price 66 reichsmarks. Vienna: Julius Springer, 1938. 

Etude i»iorphologique et biologique sur les flagelles intestinaux para- 
sites DES MURIDES. £tUDE COMPARATH'E DES FLAGELLES DU COBAYE. LeOIl 
Morenas. Annales de I’Universite de Lyon. 3” serie, Medecine. Ease. 1. Paper. 
Pp. 234, with 12 illustrations. Price 60 francs. Paris: Masson & Cie, 1938. 

Surgical Pathology of the Diseases of the Mouth and Jaws. Arthur 
E. Hertzler, M.D., Surgeon to the Agnes Hertzler Memorial Hospital, Halstead, 
Kan., and Professor of Surgery, University of Kansas. Cloth. Pp. 248, with 
206 illustrations. Price §5. Philadelphia: J. P. Lippincott Company, 1938. 

Animal Pathology. Russell A. Runnells, D.V.M., M.S., Associate Pro- 
fessor of Veterinary Pathology, Iowa State College. Cloth. Pp. 464, with 127 
illustrations. Price §6. Ames, Iowa: Collegiate Press, Inc., 1938. 

Annual Report of the Surgeon General of the Public Health Service 
OF the United States for the Fiscal Year 1938. Cloth. Pp. 184. Price 
60 cents. Washington, D. C. : U. S. Government Printing Office, 1938. 

The Patient Is the Unit of Practice. Duane Willard Propst, A.B., 
B.S., M.D., Assistant Professor of Medicine, University of Illinois College of 
Medicine. Cloth. Pp. 219. Price §3.50. Springfield, 111. : Charles C. Thomas, 
Publisher, 1939. 

Measles. Report of the Medical Officer of Health and School Medi- 
cal Officer on the Measles Epidemic 1935-1936. Paper. Pp. 94. Price 
1 shilling. London : London County Council, 1938. 

Arbeiten aus DEM Sero-Bakteriologischen Institut der Universitat 
Helsinki. Herausgegeben von Prof. Dr. Osw. Streng. Vol. 10 (1937-1938). 
Various pagination. Helsinki, 1938. 
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NATURE OF VEGETATIONS OF BACTERIAL 
ENDOCARDITIS 

ARTHUR C. ALLEN, M.D. 

NEW YORK 

The history of the investigations of endocardial vegetations has 
been reviewed by Perr}’’ ^ in his monograph and by Gross in his 
series of papers on rheumatic endocarditis. It suffices to mention here 
that in the early part of the nineteenth century, Corvisart- thought 
that the vegetations of bacterial endocarditis represented syphilis, 
because of their resemblance to venereal warts. This was followed by 
the belief that they were made of “coagulable lymph” (e. g., Ca.yley^). 
However, it soon became apparent that the lesions resembled thrombi 
inasmuch as they were thought to be composed of platelets, fibrin and 
blood cells. 

The latter time-honored concept has become deeply rooted in text- 
books and in current literature. It is now generally assumed without 
question that the bulk of each of these characteristic shagg)^ vegetations 
is simply a thrombotic mass of platelets with enmeshed fibrin, red 
blood cells and leukocytes, often capped by clumps of bacteria. This 
thrombus is thought to be deposited from tlie blood flowing over the 
inflamed endocardial surface of the valve (IMacCallum Boyd®). It 
is agreed that frequently areas of necrosis ma}’- be seen within the 
thrombi and that subsequently organization and calcification may take 
place. 

For purposes of orientation in this discussion, it may be stated that 
a t3'pical vegetation of acute or subacute bacterial endocarditis is com- 

Froni the Department of Pathology, Cook Coiintj^ Hospital ; Dr. R. H. Jaffe, 
director (deceased). 

1. Perrj', C. B.: Bacterial Endocarditis, Bristol, John Wright & Sons, Ltd., 
1935. 

2. Corvisart, J. N. : A Treatise on the Diseases and Organic Lesions of the 
Heart and Great Vessels, translated by C. H. Hebb, London, Underwood & Blacks. 
1813. 

3. Cayley, W.: M. Times & Gaz. 2:509, 1877. 

4. MacCallum, W. G. : A Text-Book of Pathologj’, ed. 6, Philadelphia, W. B. 
Saunders Company, 1937, pp. 240-245. 

5. Boyd, W. : A Text-Book of Pathologr*, ed. 1, Philadelphia, Lea & Febiger, 
1932, p. 148. 
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monly regarded as being composed of three rather poorly defined zones 
(MacCallum^; Hadfield and Garrod®) : 

Zone 1. A proximal layer of fibrin, platelets, red blood cells and 
leukocytes with more or less necrosis. 

Zone 2. A layer of bacteria. 

Zone 3. An outermost layer of fibrin in which red blood cells and 
a sprinkling of leukoc}i;es are enmeshed. 

CURRENT VIEW 

The existence in general of these zones is not denied. Differences 
arise, however, in the interpretation of the zone underlying the bacteria. 
This, zone 1, exclusive of the bacterial layer, usually makes up the bulk 
of the vegetation, so that an accurate knowledge of its composition is 
the sine qua non of a true concept of the histogenesis of the lesion. 
Those who assume a thrombotic origin consider this zone to be com- 
posed of platelets, fibrin and blood cells which have been deposited from 
the blood stream within the cardiac chambers and which have subse- 
quently undergone more or less necrosis. 

OPPOSING VIEW 

However, papers have appeared from time to time in the German 
literature suggesting that these lesions are nonthrombotic (Baldasai'ri ^). 
More recently, Jaffe® reemphasized the view that the vegetations are 
not thrombi deposited on the valve but are derived from the tissue of 
the valve itself. Nevertheless, the thrombotic concept persists. One is 
unable to find in the literature actual studies of bacterial vegetations 
which show irrefutably that they are or are not of valvular origin. 
Vegetations have, of course, been previously sectioned and carefully 
studied, but studies of differentially stained sections with this issue in 
mind appear wanting except in rare instances. 

MATERIALS AND METHODS ' ‘ 

Vegetations from 5 hearts with acute and 19 with subacute bacterial endocarditis 
were sectioned and stained with hematoxylin-eosin, Weigert’s elastica Van Gieson, 
Mallory’s phosphotungstic acid-hematoxylin, Mallory’s aniline blue and Foot’s 
reticulum stains. Five of the lesions were sectioned serially. The vegetations 
varied in size from 0.5 mm. to 17 mm. in their greatest dimension. Fifteen (two 
acute and thirteen subacute) were superimposed on fibroplastic valvular deformities. 

6. Hadfield, G., and Garrod, L. P.: Recent Advances in Pathologj', Phila- 
delphia, P. Blakiston’s Son & Co,, 1934. 

7. Baldasarri, V.: Centralbl. f. allg. Path. u. path. Anat. 20:97, 1909. 

8. Jaffe, R. H. : Virchows Arch, f. path. Anat, 287:379, 1932. 
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OBSERVATIONS 

Elastic and Collagenous Tissue . — ^\Vith the simple hematoxylin-eosin 
stain, it was found impossible in the great majority of instances to be 
certain of the nature of the necrotic zone 1. The morphologic resem- 
blance to simple platelet thrombi is certainly undeniable. With differential 
stains, however, isolated patches and strands of elastic and collagenous 
fibers were plainl}’- visible within these “platelet” masses in many sections 
(figs. 1 and 2). Some were swollen and merged at one end with clear- 
cut wavy fibers, and on the other, with necrotic hazy shreds, finally 
shading off into an amorphous homogeneous granular material. 

Frequently, solitary clumps of adult elastic and collagenous fibers, 
sometimes a single anuclear strand, were seen in a bed of necrotic 
debris near the periphery of the vegetation. The ends of these fibers 
were often frayed and ragged as if fragmented by the intense, wide- 
spread edema and necrobiosis and then forcibly pushed distalward from 
their original location (figs. 3 and 4). These separated foci of fibers 
stained quite like those elsewhere, e. g., the intact chordae tendineae. 

Elastic or collagenous tissue was found in all but two of the vegeta- 
tions. These were from hearts shoiving acute endocarditis and were com- 
posed simply of unidentifiable necrotic tissue and huge masses of 
bacteria. But even in these, collagenous fibers were seen fanning out 
into the vegetations from their bases. The edges of these fibers did not 
taper smoothly, as one might expect of granulation tissue, but were 
irregular and fragmented ; so that one can hardly escape the impression 
that their distal ends originally extended farther into the vegetation — as 
in other instances — but were destroyed by the necrotic process. 

The question naturally arises-: May not these elastic or collagenous 
fibers be a part of the current reparative fibroplastic proliferation within 
the “thrombotic” mass? However, this seems hardly likely, since these 
same adult ragged strands of collagenous tissue may be found isolated 
near the periphery of acute vegetations (fig. 1) in which there has not 
been sufficient time for the formation of mature tissue of this character.® 
Furthermore, their anuclear nature and their complete separation from, 
or lack of continuity with, a nidus of fibroplastic proliferation, which 
nidus may be entirely absent if the infection is sufficiently virulent and 
recent, appear to prove that these fibers antedate the vegetation. The 
source of these fibers must therefore be the underlying fibroplastic 
deformity or — ^in the minority of cases — ^the fibroelastic and collagenous 
tissue of the normal valve. In other words, they evidence a destructive 
rather than a reparative process. 

9. Maxiniow, A.: Beitr. z. path. Anat. u. z. allg. Path. 38:301, 1905; Physiol. 
Rev. 4:533, 1924; Text-Book of Histologj'-, Philadelphia, W. B. Saunders Com- 
pan}% 1930, p. 141, 




Fig. 1. — ^\^egetation of subacute endocarditis due to infection with Str, viridans, 
from mitral valve. There had been previous rheumatic deformity. This is a good 
example of crumbled, displaced, partially degenerated elastic strands and clumps 
squarely within a typical shaggy vegetation, ordinarily considered a simple throm- 
botic mass for the most part. Note that some of the fibers show partial loss of 
affinity for the elastica stain so as to resemble fibrin superficially (arrow). 
(Weigert’s elastica Van Gieson stain; low power magnification.) 



Fig. 2. — Acute endocarditis of the tricuspid valve due to infection with a 
hemolytic strain of Staphjdococcus aureus (condition of five days’ duration, clin- 
ically). There had been no previous apparent rheumatic involvement. Note the 
haphazard distribution of apparently forcibly separated, fragmented, disrupted 
collagenous fibers in various states of preservation, lying in a bed of disintegrating 
blood cells and granular precipitate. This illustrates the destructive factor in the 
origin of vegetations from valvular components which bulge outward into the 
chamber. (Van Gieson stain; high x>ower magnification.) 



Fig. 3. — Vegetation of subacute endocarditis due to infection with Str. viridans, 
from the wall of the left auricle. Note that the “thrombotic mass” is overlaid in 
part by disrupted elastic fibers (A). Single strands (arrow) are seen as if actually 
forced through the debris, their distal ends lying free in the terminally deposited, 
well preserved blood (B). (Weigert’s elastica Van Gieson stain; low power 
magnification.) 



Fig. 4. — ^\^egctation of subacute endocarditis due to infection with Str. viridans, 
from mitral valve. Note the disrupted and distorted black elastic fibers at the 
periphery of the vegetation embedded in the necrobiotic debris and exudate. Also 
note the separation of clastic fibers as if forced apart by such material. (Weigert’s 
elastica Van Gieson stain; low power magnification.) 
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These elastic and collagenous fibers may be easily and unequivocally 
differentiated from granulation tissue (and fibrin) by morphology, by 
their relationship to neighboring tissue, by their staining characteristics 
and by the duration of the lesions.® This was further confirmed by a 
study of sterile and infected thrombi as controls. Therefore, it may be 
concluded that these isolated adult fibers at the periphery of the vegeta- 
tion appear to be definite evidence in favor of the view that these lesions 
arise from valvular tissue and to be distinctly contrary to the current 



Fig. 5. — Vegetation of subacute endocarditis due to infection with Str. viridans, 
from mitral valve. There had been previous rheumatic deformitjc Note so-called 
thrombotic mass extending from the left margin to A, consisting of necrobiotic 
valvular debris, fibrin, pob'morphonuclear leukocytes, red blood cells, coagulated 
granular precipitate and displaced clumps and strands of elastic fibers. Note the 
proximity of blood vessels from the old fibroblastic deformity (arrow) to the vege- 
tation. Such vessels, necrosed b}'- the advancing ulcerative process, appear to be 
the source of the original and of additional blood elements within the vegetation. 
This is partly the reason for the absence of anj”^ characteristic arrangement such 
as one may find in vascular thrombi. Note the isolated clumps of elastic fibers 
within the fibrin mass {B). (Weigert’s elastica Van Gieson stain; low power 
magnification.) 

concept, according to which the material is deposited from the blood 
within the chambers. 
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Vascularity . — Capillarization was seen directly within the body of all 
vegetations except 2, which were described in the foregoing text. The 
latter may be accounted for by the ovei'whelming necrosis, which one 
may conclude destroyed the elastic and collagenous fibers as well as the 
capillaries which may have been present. 

This observation requires further discussion. Inasmuch as Gross 
stated that normal valves are not vascularized, what is the source of 
these capillaries? In the first place, 15 of this series were superimposed 
on obvious preexisting valvular deformities. (This is approximately the 
ratio for superimposition of bacterial endocarditis found by Libman,^® 
Thayer, Blumer and others.) It is, of course, well known that 
I'heumatic valvular lesions are vascularized (Gross In such cases, 
then, it is reasonable to believe that the red and white blood cells, 
coagulable plasma (fibrin) and “platelets” come from these vessels and 
their offshoots. 

In the remaining vegetations there was no apparent underlying fibro- 
plastic deformity as far as one was able to judge from necrotic lesions. 
What, then, was the source of these vessels, since normal valves, as 
mentioned, are perhaps not vascularized ? In answer to this, it may be 
stated that vascularization of a valve may be part and parcel of the inflam- 
matory response to bacteria, just as it may be elsewhere. It is not as if 
the vegetation were suddenly capped onto the valve. Even in acute cases 
(duration of six weeks or less by general agreement) there is sufficient 
time for thin-walled capillaries to form. Proof for this statement, in 
addition to the data included herewith, is furnished in valves from 
patients suffering the first attack of acute rheumatic fever — of six weeks’ 
duration or less. In these Gross and Friedberg found distinct hyper- 
capillarization throughout the valve leaflet. It is interesting in connection 
with this question of vascular ity to recall that Von Glahn and Pappen- 
heimer expressed the belief that acute rheumatic endocarditis precedes 
all bacterial endocarditides. If this is so, the vascularity might be 
accounted for by this rheumatic process. Furthermore, Clawson and 
also Bell and Haitzell stated that there is diffuse inflammation of the 
leaflet in the early stages of bacterial endocarditis. The possibility of 

10. Libman, E.: J. A. M. A. 80:813, 1923. 

11. Thayer, W. S. : Johns Hopkins Hosp. Rep. 22:1, 1926. 

12. Blumer, G. : Medicine 2:105, 1923. 

13. Gross, L., and Friedberg, C. K. : Am. J. Path. 12:855, 1936. 

14. Von Glahn, W. C., and Pappenheimer, A. M. : Arch. Int. Med. 55:173, 
1935. 

15. Clawson, B. J.; Arch. Int. Med. 33:157, 1924. 

16. Clawson, B. J.; Bell, E. T., and Hartzell, T. B.': Am. J. Path. 2:193, 1926. 
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the formation of superficial capillary sprouts from the endothelium 
of the surface of the valves must also be definitely reckoned vith. In 
short, there is abundant e\ddence demonstrating that valves with bac- 
terial endocarditis become vascularized even when there has been no 
apparent gross antecedent fibroplastic deformity. It is accordingly main- 
tained that these vessels are the source of the red and white blood cells, 
coagulable plasma (fibrin) and “platelets” that may be found beneath 
the layer of bacteria. Furthermore, inasmuch as indisputably valvular 



Fig. 7. — Diagrammatic representation of a t 5 -pical bacterial vegetation. 1, 2 
and 3 indicate zones 1, 2 and 3, respectively; a indicates a superficial thrombus 
from blood within cardiac chambers ; b, bacteria ; c, collagenous fibers ; d, necrotic 
collagenous fibers, blood cells and fibrin ; v, chordae tendineae. 

elastic and collagenous tissue is found overlying these blood elements, 
one may assume from this fact that these elements are not deposited in 
thrombotic fashion from the blood stream flowing over the valve but 
are derived from the various constituents of the inflamed or deformed 
valve. 

“Platelet Mass.” — The necrotic zone 1 beneath the bacteria is gen- 
erally considered to be composed of a platelet mass to a great extent 
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(Gross and Fried MacCalluin ; Kaufman;^' Clawson/® and 
others). However, it must be emphasized that this is predominantly 
a necrotic zone. Therefore, it does not seem justifiable to describe a more 
or less homogeneous granular material as a mass of platelets in the face 
of the very palpable possibility that that material may be the residue of 
necrobiosis and therefore truly unidentifiable. However, one may per- 
haps judge the nature of this material from the character of the sur- 
rounding tissue. As was mentioned, elastic and collagenous fibers were 
frequently seen radiating and finally disappearing into the necrotic mass 
to appear again in scattered random areas (figs. 3 and 4). Between these 
separated fibers, red and white blood cells were seen also merging with 
this homogeneous substance. Therefore, it seems more reasonable to 
conclude that this granular material represents fibrous tissue and blood 
elements which have undergone necrobiosis rather than simply assentially 
a “platelet mass,” as it is currently regarded. This tends further to 
refute the current concept of the nature of the bacterial vegetation. 

The remainder of the vegetation consists distally of a rim of bacteria 
and a la3^er of simple thrombotic material, apparently deposited from the 
blood as it flows over the valve. This last zone does not appear to be 
an intrinsic part of the lesion, however. One is often impressed with 
the good state of preservation of this layer — as if it constituted a more 
or less terminal deposit. 

Bacterial Layer . — ^The frequency with which a band of bacteria is 
found near the periphery of the vegetation, bbth in human and experi- 
mental endocarditides (Rosenow^®), is not reconcilable with the concept 
that the lesion is a thrombus (Jaffe®) deposited from the blood of the 
chamber. If this concept were a fact, one would expect the thrombus 
to overlie the organisms, inasmuch as they are, of course, assumed to 
precede the vegetation. Yet, the major portion of the vegetation 
generally underlies the bacteria. In defense. Perry ^ maintained that 
the organisms have originally been at the base but have lost their affinit}" 
for stains. If this is true, one wonders why there is no stratification 
showing the transition from the dead bacteria proximally to more viable 
ones peripherally instead of the abrupt rim so often seen at the surface. 

In concluding, it is believed that the evidence that the bacterial vegeta- 
tion is not a simple thrombus deposited from blood flowing over the valve 
concerns an issue greater than that of the mere morphologic nicety. 'For 
example, on this point may rest supporting evidence for an important, 
well recognized concept, namely, that tissue immunity in the broad con- 

16a. Gross, L., and Fried, B. M. : Am. J. Path. 13:769, 1937. 

17. Kaufman, E. : Pathology for Students and Practitioners, translated by S. 
P. Reimann, Philadelphia, P. Blakiston’s Son & Co., 1929, vol. 1, pp. 25-37. 

18. Rosenow, E. C: J. Infect. Dis. 7:411, 1910; 11:210, 1912. 
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notation of allergy is a factor in the production of bacterial endo- 
carditis. If one is permitted the luxury of speculatively integrating 
morphologic observations with vital phenomena, one is led to believe 
that the marked necrosis and edema, with ripping and separation of 
originally closely packed elastic and collagenous fibers, are strongly 
reminiscent of a response to ^n altered local tissue reactivity. 

SUMMARY 

The structure of the vegetations in 24 cases of acute and subacute 
bacterial endocarditis was studied with the aid of ditferential connective 
tissue stains. 

In agreement with current descriptions, the bulk of each of these 
vegetations was found generally to consist of a necrotic zone beneath a 
layer of bacteria. 

Isolated clumps, fragmented strands and segmented bits of typical 
adult elastic and collagenous tissue, easily distinguished from granulation 
tissue or fibrin, were found scattered through this necrotic zone in both 
acute and subacute vegetations. These fibers are considered evidence 
of a destructive rather than of a reparative process. 

The question as to whether or not this necrotic zone is really essen- 
tially a platelet mass, in accordance with the current concept, is discussed 
on the basis of morphologic observations. 

It is concluded, contrary to the long established current concept, that 
the bulk of a vegetation of acute or of subacute bacterial endocarditis is 
derived from components of inflamed and fibroplastically deformed 
valves and is not derived from blood flowing over the valves. 

1 East 100th Street, New York City. 

19. Semsroth, K., and Koch, R. : Arch. Path. 10:867, 1930. Wadsworth, A. 
B.: J. M. Research 39:279, 1919. Derick, C. L., and Swift, H. F. : Proc. Soc. 
Exper. Biol. & Med. 25:222, 1922. Kinsella, R. A., and Sherburne, E. C: J. A. 

A. 80:1643, 1923. Wright, A. D.: J. Path. & Bact. 29:5, 1926. Swift, H. F. : 
Am. Heart J. 3:629, 1928. 
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Interest in Laennec’s cirrhosis continues, owing, no doubt, to the 
importance of the condition as a disease and to the fact that the etiologic 
factors are still in question. The old controvers)'^ as to the role of alcohol 
in cirrhosis continues. Attempts to produce cirrhosis in animals by the 
use of alcohol have almost invariabi)' failed. Physiologists and experi- 
mental pathologists are, on the whole, opposed to the idea that alcohol 
is a direct cause of cirrhosis. Mallory ^ stated that after thirty-six years 
of experimentation on alcoholic cirrhosis he, like other investigators, 
had ruled out ethyl alcohol as the cause. Boles and Clark,- from a study 
of the records of 4,000 autopsies made at the Philadelphia General 
Hospital from 1933 to 1935, concluded that alcohol cannot be regarded as 
a specific factor in the causation, of cirrhosis. They suggested abandon- 
ment of the term “alcoholic cirrhosis.” 

It is generally agreed that ethyl alcohol is not a strong hepatic poison 
like arsenic or phosphorus, nor is it so active in producing necrosis of the 
liver as chloroform and carbon tetrachloride. Nevertheless, when alcohol 
is injected in doses of 0.1 cc. directly into the portal circulation, it pro- 
duces localized necroses of the liver, as shown by Ogata ® and more 
recently b)’’ Cameron, Karunaratne and Thomas.'* Similar changes, 
but with massive infarct-like necroses, are produced by the injection 
of chloroform (Whipple and Sperrj'-;® Schultz, Hall and Baker®) and 
by the injection of carbon tetrachloride (Schultz and Marx; Cameron, 

From the departments of pathology of the Los Angeles County Hospital and 
the School of Medicine of the Universit}'' of Southern California. 
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Karunaratne and Thomas , Cameron and his associates studied these 
changes carefully and expressed the belief that such lesions are due to a 
direct toxic action of the poison on the liver cells. They have proposed 
the term “toxic infarction,” which is an apt one. 

Granted that alcohol, chloroform and carbon tetrachloride produce 
hepatic necrosis under the conditions outlined, it does not follow neces- 
sarily that cirrhosis results from the healing of such lesions. As already 
noted, true Laennec’s cirrhosis had not resulted from experiments in 
which alcohol Avas given to animals, although some periportal prolifera- 
tion of fibrous tissue has been reported by several investigators. Whipple 
and Sperry ® failed to find cii-rhosis following prolonged chloroform 
anesthesia (two to three hours) in dogs although central necrosis 
of the hepatic lobules inevitably resulted from the efifects of the 
anesthetic. Sevei'al of the dogs died from acute hepatic necrosis within 
a period of two to seven days after their anesthesia. In the dogs that 
survived the administration of choloroform, complete restoration of the 
hepatic lobules occurred b}'’ regeneration of the liver cells. 

Herter and . Williams,® however, reported that definite cirrhosis 
occurred when dogs were anesthetized with chloroform three times per 
week. One dog received a total of eighteen, another a total of fort}^- 
nine, inhalations. The animals lived five and eight months, respectively. 
Data as regards carbon tetrachloride cirrhosis are still more convincing 
because of the work of Lamson and Wing,® Bollman and Mann and 
Cameron and Karunaratne.^^ The latter found well marked cirrhosis 
of a permanent type in rats that had received from twenty-eight to 
forty doses of 0.1 cc. of carbon tetrachloride at the rate of two a week. 
When only sixteen to tAventy-one doses were given, the fibrosis Avas 
only temporary and usually disappeared Avithin two to three weeks. 
Cameron and Karunaratne. pointed out that cirrhosis results from injec- 
tions of carbon tetrachloride only AAdien the folloAving conditions are 
fulfilled: 1. A dose greater than the minimal toxic dose for the liver 
must be used. 2. It must be administered either continuously or at 
short intervals over a prolonged period. 3. The interA^als betAveen 
doses must be sufficiently short to avoid complete repair of the damage 
produced by the preceding dose. Herter and Williams ® seem to have 
fulfilled these requirements in producing chloroform cirrhosis in dogs. 
Von Glahn, Flinn and Keim shoAved recently in rabbits fed lead, 

8. Herter, C. A., and Williams, W. R.: Proc. Soc. Exper. Biol. & Med. 3: 
23, 1905. 

9. Lamson, P. D., and Wing, R.: J. Pharmacol. & Exper. Therap. 29: 
191, 1926. 

10. Bollman, J. L., and Mann,. F. C: Ann. Int. Med. 9:617, 1935. 

11. Cameron, G. R., and Karunaratne, W. A. E.: J. Path. & Bact. 42:1, 1936. 

12. Von Glahn, W. C.; Flinn, F. B., and Keim, W. F. : Arch. Path. 25: 
488, 1938. 
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copper and sodium arsenates an incidence of cirrhosis above 90 per 
cent. The animals received 5.6 to 12 mg. of one of the aforenamed salts 
daily for periods ranging from one hundred to two hundred days. Here 
again the principle of many, closely timed injuries to the liver over a con- 
siderable period resulted in cirrhosis in a ver}^ high percentage of the 
animals. 

Alcohol, which is less toxic for the animal liver than either chloro- 
foi'ni or carbon tetrachloride, probably has to be administered in corre- 
spondingly larger doses over a long period in order to produce severe 
changes in the liver. More recentl}' evidence has been accumulating which 
indicates that for man, at least, the body and more especially the liver 
must be in a state of altered metabolism before cirrhosis will result from 
heavy drinking of alcoholic liquor. That abnormal changes take place 
in metabolism, more specifically in the utilization of carboh 3 '^drates, fats 
and proteins, in the patient who drinks a pint of whisky per day for 
twenty or twenty-five years is well known. That the liver suffers from 
alcoholic overindulgence is evident from the great increase in fat, an 
increase generally accepted clinicalty and proved experimentally to be 
due to alcohol (Ruge;^^ Friedenwald ; Fahr^^). The liver of the 
consumer of alcohol is also very low in glycogen content (LeCount 
and Singer^®). It is probably not only the toxicity of alcohol itself 
but also the increased susceptibility of the already damaged cells of 
the liver to a mild hepatic poison under conditions of changed carbohy- 
drate metabolism, lowered intake of food and deficiency in certain 
vitamins that makes possible the changes seen in cirrhosis. Furthermore, 
there is some evidence for an individual idiosyncras)'’ toward alcohol, 
as there is toward many drugs, since cirrhosis develops in only 5 to 6 
per cent of persons addicted to the use of alcoholic beverages. 

There can be no doubt that portal cirrhosis is produced by a con- 
siderable number of agents (Moon^^). Studies of Laennec’s cirrhosis 
in the chronic form ordinarily show an alcoholic history in but 25 
(Evans and Gray^®) to 35 per cent (Boles and Clark-) of the cases. 
Does this necessarily mean that there is no true alcoholic cirrhosis? 
Or does it indicate simply that investigators have failed to recognize 
the alcoholic group because toxic agents other than alcohol are capable 
of producing a portal type of cirrhosis which in the late stages is not 
distinguishable from the alcoholic variety? We believe that the latter is 
the case. We maintain that the term “alcoholic cirrhosis” is fully justi- 

13. Ruge, P. : Virchows Arch. f. path. Anat. 49:252, 1870. 

14. Friedenwald, J.: J. A. M. A. 45:780, 1905. 
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fiable. In the following pages we shall analyze a group of cases in 
which we believe the true picture of alcoholic cirrhosis in the early, 
progressive stages was presented. 

Evans and Gray recently published a study of 217 cases of 
Laennec’s cirrhosis which were observed among 17,000 autopsies at 
the Los Angeles County Hospital. The)'’ were especially interested in the 
relation of alcohol to cirrhosis and showed a definite increase in the 
incidence of this disease beginning in 1932 soon after the repeal of 
the national prohibition law. Our cases are taken from the same group 
of autopsies as were the cases of Evans and Gray ; however, some 2,000 
autopsies from May 1, 1937, to May 1, 1938, have been included in 
our series that were not in theirs. None of our cases goes back beyond 
autopsy 7,000, since sufficient data could not be assembled from the 
earlier cases on which to separate them clearly into our group. The two 
subgroups overlap sufficiently, however, for us to use the larger series 
of 217 cases studied by Evans and Gray for the purposes of comparison. 

Our 68 cases were selected as instances of the progressive, or active, 
type of alcoholic cirrhosis as described by Hall and Ophuls.^® This 
condition may be conveniently designated as subacute alcoholic cirrhosis. 
The liver is enlarged, the weight ranging from 2,000 to 5,000 Gm., 
and is usually but not always fatty. Eighty-five per cent of the patients 
were consumers of alcohol in some form. Fifty-one patients, or 75 
per cent, were shown to have chronic alcoholism ; i. e., they were “heavy 
drinkers.” 

Other characteristics of the liver in subacute alcoholic cirrhosis are 
as follows : The surfaces of the organ are smooth or finely granular rather 
than the hobnail type seen in chronic cirrhosis. The fibrosis is generally 
less severe than in the chronic type, while cellular or relatively cellular 
connective tissue proliferation is found in the portal areas. Necrosis 
of liver cells is still present, in many cases being quite marked. Fibro- 
blastic cells may usually be seen proliferating about the dead hepatic 
cells. Polymorphonuclear leukocytes are frequently present along with 
the lymphocytic cells which infiltrate the periportal connective tissue. 

This group of patients were, then, quite largely suffering from 
alcoholism. The livers were mostly of the large, pale yellow fatty 
type, with the connective tissue actively proliferating about disintegrating 
hepatic cells. The picture was that of early or subacute alcoholic 
cirrhosis. 

analysis of clinical data 

These 68 cases were selected from among autopsies 7,000 to 20,000 
at the Los Angeles County Hospital. The 217 cases selected by Evans 
and Gray include some of ours and many additional cases of alcoholic 
cirrhosis of the chronic hobnail type. 

19. Hall, E. M., and Ophuls, W.: Am. J. Path. 1:477, 1925. 
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Race . — Caucasians predominate with 57 patients, or 85 per cent. 
Ethiopians are next most numerous with 6, or 8.8 per cent, and then 
Mexicans with 5, or 7.35 per cent. 

— As would be expected, males are found to exceed females 
nearly 2 to 1, the actual numbers being 44 and 24. The average age at 
death for the whole group is 46.8 years, as contrasted with 60 years in the 
larger group (Evans and Gray). Figure 1 is a graph comparing our 
series with that of Evans and Gra)f in respect to the ages at death, by 
decades. 

The youngest patient in our group was 24 years old at the time- 
of death; the oldest was 75. Only 4 patients died in each of the cor- 
responding decades. It is evident from figure 1 that in cases of subacute 
alcoholic cirrhosis death occurs mainly between the ages of 35 and 55 
while in cases of chronic cirrhosis it occurs about ten years later. In 
the gi'oup with the chronic condition the “ages of death” also show wider 



Fig. 1. — Graph comparing the distribution of ages at death, in decades, in the 
authors’ cases (solid line) with that in the cases of Evans and Gray (broken line). 

distribution. Heavy drinking is not frequently encountered before the 
twentieth or after the seventieth year. We cannot agree with Connor 
in his statement that cirrhosis usually develops between the fifth and 
sixth decades. In the cases in the Los Angeles County Hospital death 
intervenes at that time or earlier. 

History of Alcoholism. — Fift 3 ^-one, or 75 per cent, of the 68 patients 
were sufferers froiu chronic alcoholism, most of them having imbibed 
large quantities of whisky, often as much as a pint (473 cc.) or even 
a quart (946 cc.) per day, over a period of five to twenty-five years. A 
few drank considerable quantities of wine, usually one to two quarts 
daily. Six patients were classified as “moderate drinkers” because of 
insufficient data. Three of these, we believe, had chronic alcoholism. 
In 10 cases no record as to alcoholic habits was made on the hospital 


20. Connor, C. L. ; Am. T. Path. 14:347. 1938. 
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charts. Ten of the 51 patients had one or another form of alcoholic 
psychosis. Seven had either pellagra or alcoholic neuritis. 

Of the 10 patients with no record of having consumed alcoholic 
liquors, all but a single patient had severe acute infections. Most of 
them died vithin a fev hours after entering the hospital. Three were in 
coma from the time of entr}' to the time of death. The only patient of 
this group who had no infection died of congestive heart failure. The 
histories of all but the last patient were necessarily deficient, and save in 
the 1 case the omission of data regarding the consumption of alcohol 
is probably justified. 

The patients in this series were not selected because of their alcohol- 
ism but on the basis of the gross anatomic and histologic changes in 
their livers. Since SO per cent of the whole group were consumers of 
alcoholic liquors, it seems logical to assume that 80 per cent of the 
patients whose alcoholic habits were not recorded were also consumers 
of alcoholic liquors. If the foregoing assumption is correct, 90 per 
cent of the entire group suffered from alcoholism. 

Wasscnmnn Reaction . — A positive \\’assermann reaction was 
recorded in 12 cases, or 17.6 per cent. A negative Wassermann reaction 
was found in 39 cases. In 17 cases no data on this reaction were avail- 
able. In only a single case in which the Wassermann reaction was 
strongly positive was there no record of alcoholism. Evans and Gray 
reported syphilis present in only 12 per cent of il;?ir cases. The ques- 
tion naturally arises as to whether or not syphilis pla}" a part in the 
production of alcoholic cirrhosis. Our series of cases suggests an 
etiologic relationship. The most extreme fibrosis encountered iiT-tiris 
group was associated in a number of instances with a positive Wassef- 
mann reaction (fig. 2). Such a reaction was seen in 50 per cent of 
the cases in which the V\'^assennann reaction was positive and in only 
20 per cent of the remainder. Schumacher emphasized the relation of 
syphilis to the production of a portal type of cirrhosis. 

Jaundice^ Ascites and Hemon'hage . — Jaundice was noted in 34 cases 
(50 per cent) of the series. In 24 cases the icteric index was 50 units 
or above; in some it was as high as 200 units. This figure (50 per cent) 
is considerably higher than that obtained for the mixed group (Evans 
and Gray), which was 29.5 per cent. It is to be expected that a group of 
patients suffering from a subacute type of cirrhosis in which hepatic 
necrosis and acute infection are prominent factors would exhibit a higher 
incidence of jaundice than would be found in a group suffering mainly 
from a more chronic form of hepatitis. Previous attacks of jaundice 
were recorded for 6 patients. These attacks occurred about six months 


21. Schumacher, G. A.; Am. I. M. Sc. 194:693, 1937. 
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liemorrhage. Hemorrhage was fatal in 14 instances, or 20 per cent, 
wliicli is a higher figure than that reported by Evans and Grav. 13.9 
per cent. 

Bloomfield -- recently emphasized the importance of preA'ious attadvs 
of jaundice or of hepatitis in cirrhosis. Eleven of the patients in our 
series had had earlier attacks of jaundice, and 14 gave evidence of pre- 
vious hepatic disturbance. The data on these attacks are summarized 
in table 1. 

The correct clinical diagnosis was made in 36 instances, or 52.9 per 
cent; the diagnosis was partially correct in 12 cases, or 17.6 per cent, 
and incorrect in 20 cases, or 29.4 per cent. 

Table 1. — Findings Suggesting Previous Attacks of Hepatitis 


Condition 

Attacta of epigastric pain or of pain in the riglit np])er quadrant of the 

Patients 

abdomen 
C 

Palpable or tender liver or both (6 months to o years) 

Hematemesis (with epigastric pain in 2 cases*), one 1 .vears previously.. 

Fever and vomiting Intermittently for 3 years 

Indigestion, jaundice and ascites (6 months previously) 

1 

1 

16 

•Also listed under first item (total number of patients — 14). 


Table 2.— Liver Weights 

Wt. Range, Gm. 

Niuuber 


. » » 5 


so 


15 


6 




ANALYSIS OF GROSS AND AIICROSCOPIC CH.-VNGES IN THE LINER 

JVeigJif of the Liver .— average weight of the liver in the 68 
cases was 2,760 Gm. We have arbitrarily considered 2.000 Gm. the 
lower limit of hepatic weight for the subacute tN’pe of cirrhosis, though 
no hard and fast rule can be laid down. In a few of our cases, the 
weight of the liver fell below this figure. The smallest liver weighed 
1,400 Gm.: 4 others ranged from 1,800 to 1,950 Gm. The largest liver 
in tlie series weighed 5.000 Gm. 

The weight of tlie spleen was recorded m 66 of the 68 cases, the 
average being 360 Gm. This is approximately double the weight of 
the normal adult spleen. The increase in size was, no doubt to a large 


22. Bloomfield, A. L. : Am. J. M. Sc. 195:429, 19oS. 
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extent the result of chronic passive congestion. The organ was usually 
said to be firmer than normal. The exceptions were found in cases 
complicated by acute infection. Microscopically, there was diffuse fibrosis 
and usually there was reduction in the amount of lymphoid tissue. 

In 40 instances, or 61.5 per cent, the surface of the liver was 
described as varying from smooth to finely granular, while in 25 
instances, or 38 per cent, it was described as varying from roughly 
granular to nodular. The latter group, except for the enlargement of 
the organs, would appear to fall into the group of cases of the more 
chronic forms of Laennec’s cirrhosis. In 3 cases, the surface of the 
liver was not described. 

Hepatic Fibrosis . — The relative amount of fibrosis in the various 
fivers was estimated by microscopic examination and recorded as slight 
in 3 cases (4.4 per cent), moderate in 14 (20.6 per cent), marked in 32 
(47 per cent) and extreme in 19 (or 28 per cent). All of the cases in 
which the Wassermann reaction was positive fell into one or the other 
of the last two groups. The amount of fibrous tissue proliferation in 
the general run of our cases seemed on the whole to be somewhat 
reduced in comparison with that seen in cases of the more chronic 
types of hepatitis. In distribution it was mainly periportal but not 
necessarily so. Of greater importance was the kind, or the maturity, of 
the connective tissue. Among the cases of subacute alcoholic cirrhosis 
we found 15 cases (22 per cent) in which it was classified as cellular; 
11 (16.2 per cent) in which it was classified as moderately cellular; 
37 (54.4 per cent) in which it was said to vary from moderately cellular 
to dense, and only 5 cases (7.4 per cent) in which it was designated as 
dense. Certainly the number of instances in which the connective tissue 
was cellular or moderately cellular (38 per cent) is greatly in excess of 
that noted for chronic atrophic cirrhosis (fig. 3). The largest group, 
54.4 per cent, in spite of greater maturity, still showed evidence of 
fibroblastic proliferation, especially at the junction of fibrous tissue and 
liver cells and more especially about degenerating or necrotizing cells. 
The fact that fibrocytes are almost invariably found invading areas 
containing degenerating liver cells caused Hall and Ophuls to suggest 
that toxic substances which destroy the less resistant liver cells serve 
only to stimulate the more hardy connective tissue to active prolifera- 
tion. References have been cited to show that simple destruction of 
liver tissue b}'’ a variety of methods does not, as a rule, lead to permanent 
fibrosis. Ordinarily the liver tissue regenerates, and temporary scarring 
later completely disappears. 

Considerable variabilit}’’ was noted in the amount of cellular infil- 
tration of the periportal connective tissue. In most instances, the greater 
proportion of cells consisted of small lymphocytes as in chronic cirrhosis. 
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In the cases of subacute cirrliosis, however, almost regularly a moderate 
number of polymorphonuclear leukocytes were present as well. In a few 
cases they were quite abundant (fig. 4), exceeding the number of 
lymphocytes. 

Nea-osis of the Liver Cells . — A prominent characteristic of the sub- 
acute type of cirrhosis is the presence of hepatic necrosis. In the chronic 
stage of Laennec’s cirrhosis ordinarly one may search in vain for neci'otic 
liver cells. Perhaps a few scattered cells caught within the connective 




Fig. 3. — The patient was a Caucasian man aged 38 years, with chronic 
alcoholism. The liver weighed 2,080 Cm. The photomicrograph shows marked 
fatty infiltration of the liver, with cellular connective tissue growing out from the 
portal area into the surrounding parenchyma. Inflammatory cells infiltrate the 
connective tissue. Hematoxylin and eosin; X 120. 


tissue appear atrophic or actually necrotic. This is probably largely 
mechanical, however, and not the direct result of toxic action. In 24 
of our cases, or 35.8 per cent, occasional necrotic or degenerating cells 
were seen along the borders of the periportal fibrous areas. In 21 cases, 
or 31.8 per cent, there were a moderate number of necrotic cells; in 
18 cases, or 27 per cent, groups of necrotic liver cells were seen not only 
in the periphery but also in various positions within the lobule (fig. 5). 




Fig. 4. — The patient was a Mexican man aged 39 years, markedly alcoholic. 
The liver weighed 3,300 Gm. The photomicrograph (high power) illustrates early 
proliferation of fibroblasts about necrotic liver cells. Many of the la,tter contain 
"hyalin.” There is a diffuse infiltrate of inflammatory cells, many of which 
are polymorphonuclears. Hematoxylin and eosin; X 335. 



Fig. 5. — The patient was a Caucasian man aged 57, with chronic alcoholism. 
The liver was extremely fatty and weighed 5,000 Gm. The photomicrograph (low 
power) shows a large amount of fat, a large area of necrosis and a moderate 
increase of cellular fibrous tissue. Hematoxylin and eosin ; X 100. 
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In a few cases the liver showed a marked degree of necrosis. In general, 
the earliest changes in the degenerating liver cells appear in the form 
of either nuclear fading or p3'knosis accompanied by vacuolation of the 
C3'toplasm. The latter is due usualh' to hydropic degeneration. The C3’to- 
plasm swells, and numerous small round or poh'gonal clear spaces appear. 
Later, the nucleus disappears, and the cells, which ma3' become greatl3’ 
swollen, disintegrate (fig. 6 ). Other cells exhibit a i^eculiar lumiw 
Iwaline ai^pearance of the c3'toplasm. which seems to represent a type 



Fig. 6. — The patient was a Caucasian woman aged 39 years. Slie had chronic 
alcoholism and the Wassermann reaction was positive. The liver weighed 3,200 
Gm. The photomicrograph (high power) shows a number of swollen, degenerating 
liver cells. Three large cells near the center contain masses of “hyalin” in their 
cytoplasm. Other cells show In'dropic degeneration. Fibroblasts arc beginning 
to appear about the degenerating cells. Polymorphonnelears arc present. 
jMethjdene blue-eosin; X o3S. 

of coagulative necrosis. The hyalin stains more deeply with cosin than 
the granular parts of the cytoplasm. Kar3'ol3'sis and p3-laiosis of nuclei 
frequently accompany these changes, occurring at times within the same 
cells.. ]\Iallory first described the Iwaline changes as specific for alco- 


23. Alallory, F. B.: Bull. Johns Hopkins Hosp. 22:69, 1911. 



684 


ARCHIVES OF PATHOLOGY 


holic cii'i'hosis but does not so regard them at the present time. Fift)^- 
five, or 80.88 per cent, of the livers in our series showed the “alcoholic” 
h3'^alin to some degree. In many instances it was abundantly evident 
(fig. 7). In 9 instances (13.2 per cent) the presence of hyalin was 
questionable. In some of these cases the stains were unsatisfactory, and 
material was not available for special stains. In 4 cases (6.2 per cent) 
hyalin was recorded as absent. 

Fatty Infiltration. — Roughly, about three fourths of the livers in our 
series were fatty, and no doubt the increased fat content accounted for 
much of the increase in hepatic weight. Practically no fat was present 



Fig. 7. — The patient was a Caucasian woman aged 56 years. She had chronic 
alcoholism. The liver weighed 4,400 Gm. The photomicrograph (high power) 
shows many necrotic liver cells, most of which contain lumpy masses of dark- 
staining “hyalin.” There is more or less new connective tissue, and fibroblasts 
may be seen growing in among the dead liver cells. The paler areas are edematous. 
Some of the infiltrating cells are polymorphonuclears. Methylene blue-eosin; 
X 335. 


in the sections of liver in 5 cases, or 7.4 per cent ; a small amount was 
seen in 17 cases, or 25 per cent, and a moderate amount in 15 cases, 
or 22 per cent; 17 livers (25 per cent) showed a marked fat content; 
while 14, or 20.6 per cent, were extremely fatty. Roughly, about 50 
per cent of the livers contained a large amount of fat. 



H ALL-MORGAN— ALCOHOLIC CIRRHOSIS 


685 


Damage to the liver cells by phosphorus, alcohol, bacterial poisons, 
starvation, diabetes and common wasting diseases, such as tuberculosis 
and malignant tumors, causes accumulation of fat in the liver. Observa- 
tions at the autopsy table provide ample proof 'of this. Furthermore, 
the effects of alcohol and of starvation in producing fatty changes 
in the liver have been proved experimentally by a number of investigators 
— in the case of alcohol by Ruge,^^ Friedenwald and Fahr and in 
the case of starvation by Rosenfeld,"* Mottram and Dible.^® 

COMMENT 

Analysis of the clinical data relative to possible etiologic agents in 
the 68 cases reviewed by us shows that chronic alcoholism was the factor 
common to the greater number of patients. We have found no report of 
a large group of cases showing so high an incidence of chronic alco- 
holism as in the present series (80 to 90 per cent). Evans and Gray 
stated that the incidence of cirrhosis in the Los Angeles County Hospital 
following repeal of the eighteenth amendment increased to three times 
that of the prohibition period. Their cases cover the prohibition years 
and the period following repeal up to May 1937. In spite of the decided 
rise after 1932, the total incidence of alcoholism was only 25 per cent. 
Boles and Clark " reported an incidence of 35 per cent. Mortality sta- 
tistics for the registration area of the United States (quoted by Rown- 
tree show a drop of 50 per cent in the incidence of cirrhosis in this 
country during the prohibition era. 

These and many other facts which cannot be included here relate 
alcoholism and cirrhosis so closely that an etiologic relationship must be 
seriously considered even though it is not yet proved. 

There is a general feeling even among the proponents of the alcohol- 
cirrhosis relationship that some additional factor is necessary, or that 
special conditions must be complied with, before alcohol becomes effective 
in producing cirrhosis. 

In our routine autopsies we have had the feeling from time to time 
that persons having chronic alcoholism who have at the same time a 
positive Wassermann reaction show more severe hepatitis than those 
whose hepatic disease is not complicated by syphilis. In the present 
series; of those livers in which the combination of alcoholism and syphilis 
was operative, 50 per cent show extreme fibrosis, with broad bands of 
fibrous tissue not confined to the periportal areas but in their extent and 
distribution suggestive of hepar lobatum. Of the remaining 58 cases, onl)’’ 

24. Rosenfeld, G. ; Ergebn. d. Physiol. 1:651, 1902. 

25. Mottram, V. H.: J. Physiol. 38:281, 1909. 

26. Bible, J. H.: J. Path. & Pact. 35:451, 1932; 38:269, 1934. 

27. Rowntree, in discussion on Boles and Clark.= 
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20 per cent (in all of which the Wassermann reaction was negative or 
not recorded) exhibit such extensive fibrosis. 

Jaundice was present in 50 per cent of our patients. Omitting the 
7 who had terminal bronchopneumonia, we find that 10 patients had 
acute infections. Twenty-four patients showing clinical jaundice are 
recorded as having moderate to severe necrosis of the liver cells. In the 
latter group the condition of the liver may be considered quite definitely 
the result of the toxic action of alcohol. In 6 instances necrosis was 
called marked to severe (-j — | — [-to-f--] — [-+) on histologic grounds, 
but clinical jaundice was not recorded. Ascites was found in the same 
percentage (60.3) in our group as reported by Evans and Gray^® for 
the cases of chronic cirrhosis. Fatal hemorrhage from ruptured eso- 
phageal varices occurred in 13.9 per cent of their cases and in 20 per 
cent of ours. 

Enlargement of the liver was the most striking anatomic finding in 
our series. The average weight was 2,760 Gm., which is approximately 
double the weight of the average hobnail liver. Fibrous tissue is usually 
abundant in the liver in the cases of subacute cirrhosis but is less mature 
than in the cases of chronic cirrhosis. Fibroblasts are evident, especially 
about necrotic liver cells. 

A large infiltrate of fat was found in about 50 per cent of the livers 
in our series. Another 20 per cent were considered moderately fatty. 

Connor recently reviewed the subject of fatty infiltration of the 
liver in relation to alcoholism and cirrhosis. He cited adequate authority 
for the statement that poisons such as ether, chloroform, carbon tetra- 
chloride and alcohol interfere with carbohydrate metabolism and so 
with the proper oxidation of fats. His excellent report should be con- 
sulted for a more detailed discussion of fatty infiltration of the liver. 

That dietary deficiency plays a prominent role in chronic alcoholism 
and in alcoholic cirrhosis has been emphasized recently by Romano."® 
Of 131 patients with alcoholism studied, 77, or 58 per cent, presented 
some degree of neuritis, and 61, or 79 per cent, of those showing neuritis 
had a history of inadequate food intake previous to admission. Sixty-one 
per cent showed partial improvement and 32 per cent showed complete 
recovery on specific vitamin therapy. 

Patek also studied the matter of dietary deficiency in patients with 
alcoholism. In 9 of 13 patients the caloric intake was very low. On a 
diet high in calories plus specific vitamin therapy 10 patients who sur- 
vived showed decided improvement. 

Dr. W. L. Adams, one of the medical house officers of the Los 
Angeles County Hospital, assures us that a diet high in calories plus high 
vitamin therapy causes rapid decrease in the size of the liver and relief of 


28. Romano, J. ; Am. J. M. Sc. 194 : 645 , 1937. 

29. Patek, A. J., Jr.: Proc. Soc. Exper. Biol. & Med. 37:329, 1937. 
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symptoms in patients suffering from subacute cirrhosis. The diagnosis 
in these cases has been definitely confirmed by 25eritoneoscopic examina- 
tion and biopsy of the liver. All of the patients have chronic alcoholism. 
A person who drinks a pint or more of whisky per day must find it 
difficult to assimulate an adequate amount of food. Since, according to 
Sollmann,®” 1 cc. of whisky produces 4 calories of energy, a pint of 
whisky (50 per cent) would provide approximately 2,000 calories of 
energy daily. Besides the increase in actual calories, there is likely to be 
loss of appetite due to gastritis, disturbance of liver function, vitamin 
B deficiency and other abnormal conditions. Furthermore, the periodic 
drunkard, who goes on a prolonged debauch, must be for days at a time 
inadequately nourished or actually in a fasting state. It is common 
knowledge that a liver so thoroughly depleted of glycogen is vastly more 
susceptible to damage than one adequately protected by a store of 
glycogen. It is under these conditions that repeated large doses of alcohol 
are likely to prove damaging. Not only does fat tend to increase, mark- 
edly in such livers as a result of the interference with carbohydrate 
metabolism and with oxidation of fats, but marked anoxemia develops 
in the liver and the body as a whole, according to Connor.-® 

Corroborative of the foregoing observations, the recent report of Von 
Glahn and his co-workers is interesting. They found that a diet 
high in carbohydrate afforded their rabbits marked protection against 
developing cirrhosis. A group of 26 rabbits received daily amounts of 
arsenates ranging fi'om 1.86 to 2.4 mg. on a diet of white bread and 
uncooked peeled white potatoes. Only 2 animals showed cirrhosis, which 
was of a mild degree, while 24, or 91 per cent, had no increase of 
hepatic connective tissue. By feeding carbohydrate-poor diets, these 
workers, using copper, lead and sodium arsenates, had obtained cirrhosis 
in more than 90 per cent of their animals. It appears that a diet rich in 
carbohydrates protects the liver from the injurious effect of arsenates 
when these are given in small doses. 

Bollman and Mann®^ cited experiments showing A^ariations in the 
susceptibilit)'- of fatty livers of dogs to alcohol Avhen the glycogen content 
of the livers was greatly reduced. With feeding of a fat diet, the fat 
content of the liA’^er by the fourth week had risen to 40 per cent. The 
glycogen content decreased at the same time to 0.2 to 0.3 per cent. 
Alcohol of 95 per cent strength fed in doses equivalent to 1.5 cc. per 
kilogram of body Aveight to dogs in the aforementioned condition caused 
coma and intoxication lasting one to tAVO hours. In animals Avith 50 
per cent fat and 0.1 per cent glycogen in their liA^ers a slightly increased 
dosage (2 cc. per kilogram) usually proved fatal. A dosage of 1.5 cc. 

30. Sollmann, T. : Mamial of Pharmacologj-, Philadelphia, W. B. Saunders 
Company, 1932, p. 706. 

31. Bollman, J. L., and Mann, F. C.: Am. J. Physiol. 116:21-1, 1936. 
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of 95 per cent alcohol per kilogram in dogs with normal livers caused 
them to become only momentarily intoxicated. A change from a fat to 
a carbohydrate diet restored the excessively fatty livers to normal within 
a week. 

LeCount and Singer emphasized the serious effects of a reduction 
in liver glycogen in chronic alcoholism. They reported a number of 
cases of sudden death in alcoholic persons who had extensive replace- 
ment of the liver by fat. The postmortem examinations revealed little 
else than large fatty livers. 

Not all of the livers in our series were fatty — 30 per cent contained 
relatively small amounts of infiltrating fat. Crandall and Ivy,®^ in a 
recent review on applied physiology of the liver, stated that in hepatic 
disease the liver requires increased amounts of sugar in the form of 
dextrose. They give two reasons for this : In the first place, there is a 
decreased capacity for storage of glycogen; in the second, the diseased 
liver is incapable of producing sugar from noncarbohydrate sources 
(lactic acid, amino acids and glycerol) in order to meet the normal 
requirements of the body. It appears, therefore, that in alcoholic livers 
in which excessive fat does not accumulate, there is, nevertheless,, 
increased need of abundant sugar because of the decreased capacity for 
storage of glycogen and the incapacity of these livers to produce glycogen 
vicariously. Histologically, all of the livers are diseased, even when there 
is little or no excess of fat. Connor believes the fatty condition of the 
liver to be the earliest stage in the development of cirrhosis and that 
later in many cases excess fat disappears as the fat depots are depleted. 

Bloomfield stated that after the onset of symptoms cirrhosis 
often develops rapidly. There is a long period, often one of years, in 
which the disease is latent and no symptoms relative to the liver are 
observed. After the advent of symptoms, the patient may survive for 
only a few months. Eight of his patients lived less than ten months after 
symptoms developed, and 2 of these lived only one month. The majority 
lived ten to forty months. Bloomfield’s observations explain, in part at 
least, the paradox of the rapid increase in mortality due to cirrhosis,, 
a disease usually considered exceedingly chronic, following the repeal 
of the eighteenth amendment. Resumption of heavy drinking may have 
precipitated many persons with alcoholism into rapidly fatal cirrhosis. 

The question may properly arise as to why some patients die during 
the subacute phase of alcoholic cirrhosis. In this connection the follow- 
ing observations appear to be important : 

(a) About 25 per cent of the patients died of acute complicating 
infections, due largely, no doubt, to marked lowering of their resistance 
by chronic alcoholism. 


32. Crandall, L. A., and Ivy, A. C. : Surgery 3:815, 1938. 
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(&) T^Yenty per cent showed direct elYects of alcoholism phis dietar}- 
deficiency — half of these had pellagi-a or peripheral neuritis; in the 
remaining half either an alcoholic psychosis or delirium tremens devel- 
oped. Two additional patients had both delirium tremens and pellagra. 

(c) Hepatic insulficiency is probably an important factor, since 
50 per cent of the patients were jaundiced, and 14 per cent showed 
hepatic necrosis as a cause of death at the postmortem examination. 
All of the latter were jaundiced. 

(d) Twenty per cent in our series died of gastric hemorrhage as 
against 13.9 per cent in the cases studied by Evans and Gray. Therefore 
portal hypertension appears to be an important cause of death in sub- 
acute as in chronic cirrhosis. 

SUMMARY AND CONCLUSIONS 

A study Avas made of 68 cases of subacute or progressive alcoholic 
cirrhosis. The cases were selected from among 12,000 in which autopsies 
were performed at the Los Angeles County Hospital during the period 
from 1931 to 1938. They were selected on the basis of liver weights 
(2,000 Gm. or over) and the presence of hepatic necrosis, portal cir- 
rhosis showing active proliferations of connective tissue, and so-called 
“alcoholic” hyalin. 

Polymorphonuclear leukocytes as well as Ij’inphocj'tes infiltrated the 
fibrous tissue. The average weight of the 68 livers was 2,760 Gm. 
Fifteen weighed between 3,000 and 4,000 Gm. ; 6 weighed between 4,000 
and 5,000 Gm. 

At least 80 per cent of the patients had chronic alcoholism. Only 
1 of the 68 patients denied having used alcohol. Jaundice was present 
in 50 per cent of our patients. In 24 instances the icteric index was 
50 units or higher. Approximatel}'^ 50 per cent of the livers contained 
excessive amounts of fat. Fatty infiltration was considered moderate 
in 20 per cent and slight in 30 per cent. Syphilis complicating alcoholic 
cirrhosis appears to produce a moi*e profound fibrosis than is usually 
seen in the latter condition alone. 

Alcoholism ivas the outstanding, most common clinical factor in 
this group of cases. Since the group was selected on anatomic grounds, 
it appears that the relationship is of real importance. The patient with 
chronic alcoholism suffers from low intake of carbohydrate, greatly 
diminished storage of glycogen, fatty replacement of the liver and 
deficient intake of vitamins. These conditions render the liver especially 
vulnerable, so that continued abuse of alcohol is followed by necrosis of 
liver Cells and fibrosis, Avhich in the susceptible patient after )’ears 
results in cirrhosis. 

We beliei^e that in the majority of cases the enlargement and fatty 
infiltration of the liver constitute the first development, that this passes 
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imperceptibly into the subacute phase of cirrhosis, to be followed later, 
if the patient survives long enough, by the appearance of the small 
hobnail liver. A small percentage of the patients die during the sub- 
acute stage as a result of complicating infections, dietary deficiency 
diseases, hepatic insufficiency, portal hypertension, alcoholic psychoses 
and other disorders. 

We believe the term "alcoholic cirrhosis” has a firm basis in etiolog}\ 
Much of the confusion regarding this subject has been due to the study 
of cases of chronic Laennec type among which the cases of cirrhosis 
due to alcohol cannot be distinguished readil)'^ from cases due to other 


causes. 



THE NORMAL. THE ACROMEGALIC AND THE 
HYPERPLASTIC NEPHRITIC HUMAN 
NEPHRON 

A FURTHER CONSIDERATION OF THE PLASTIC RECONSTRUCTIONS 

OF LOUIS A. TURLEY 

ALLAN L. GRAFFLIN, M.D. 

BOSTON 

Some years ago I was struck by the great beaut)^ of three wax 
models of the tubules of the human kidney which I found preserved in 
the collection of the Department of Anatomy, Harvard University Medi- 
cal School. These models, now over twent}* years old, were made by 
Louis A. Turley, then a graduate student at Harvard Universit}’-, now 
professor of patholog}’- in the School of Medicine of the Universit}'’ of 
Oklahoma. They represent (1) the normal nephron, (2) the glomerulus 
and proximal convoluted tubule in acromegaly and (3) the hyperplastic 
nephron in chronic nephritis. Models 1 and 3 formed the basis of 
Turley’s doctoral thesis ^ ; in the thesis photographs of the two models 
and several other illustrations are given. This thesis was not published 
in its original form. In a subsequent paper - Turley discussed his find- 
ings for the normal and for the nephritic nephron, without, however, 
mentioning or giving any reproduction of the models in question. The 
model of the proximal tubule in acromegaly has never been described, 
either in the thesis or elsewhere. 

These three models,® all of them beautifully and painstakingly exe- 
cuted, offer data of great interest and value to investigators of the 
finer structure of the kidney. The model of the normal nephron repre- 
sents the only instance, up to the present time, in which the reconstruc- 
tion of an essentially complete adult mammalian nephron — including the 
loop of Henle — has ever been successfully accomplished. The model 

From the Department of Anatomy, Harvard I^Iedical School. 

1. Turley, L. A. : Studies by Reconstruction of the Compensatory Changes 
in the Tubules in Chronic Diseases of the Kidney, Thesis, Division of Medical 
Sciences, Harvard Universit}', 1916. (This thesis is on file in the library of 
Harvard University.) 

2. Turley, L. A.: Ann. Med. 1:401, 1920. 

3. The models are numbered as follows in the model collection of the depart- 
ment of anatomy of Harvard University; normal nephron, no. 201; hyperplastic 
nephron in chronic nephritis, no. 202 ; glomerulus and proximal convoluted tubule 
in acromegaly, no. 203. 
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of the proximal tubule in acromegal)^ is likewise unique. The model 
of the hyperplastic nephron in chronic nephritis antedates by many years 
the recent model of Oliver and Lund ^ and confirms, and to some extent 
supplements, their findings and the findings in the maceration studies 
of Oliver and Luey ® and Loomis.® 

Under the circumstances, it has appeared to me eminently desirable 
that a fairly complete series of illustrations of Turley’s models, accom- 
panied by a description of his findings, should be made available to 
other interested workers. I requested Dr. Turley’s permission to carry 
out such a project, and this permission he freely gave. Furthermore, 
he has cooperated with me to the fullest extent in supplying necessary 
additional data which were not given in his thesis or in his subsequent 
publication. I wish to emphasize that my activity has been confined 
to the study of the models themselves and to the supervision of 
the illustrations. Mr. Leo Talbert made the photographs, and Miss Etta 
Piotti made the line drawings. Dr. Turley’s findings — based on the 
models and supplementary studies — will be given in his own words, 
.taken large!}'’ from his thesis. 

Turley’s reasons for undertaking his study are best explained in 
the introductory paragraphs of his thesis (pages 1 and 2) : 

In the studies that have hitherto been made of the changes in the tubules in 
chronic diseases of the kid^iey, investigators have turned their attention to the 
atrophic and degenerative changes only. In no account of the changes in the kidney 
tubules has any mention been made of an}'- but those of a retrogressive nature, 
except that Dr. Councilman in his lectures to his students, and in the protocols 
of autopsies, speaks of hj^perplasia of the tubules in some cases. These studies 
were undertaken to ascertain whether or not the apparent hyperplasia of some of 
the tubules was realb" an Iwperplasia and if so, to what extent did hyperplasia, or 
compensatory change take place. And to this end it was decided that the method 
of studying serial sections, tracing one tubule throughout its length, and making 
a wax reconstruction of the tubule was the one that was best suited to show the 
exact amount of change that had taken place. 

But before any exact knowledge could be gained of the changes in the patho- 
logical tubule, it was necessar}^ to make a careful study of the normal tubule in 
the adult kidney. Huber " in this country, and Stoerk ® in Germany have care- 
fulh' worked out the development of the kidnej' tubule up to the time of birth and 
have made excellent models of the tubules in various stages of their development, 
showing the relative size, shape, and the arrangement of the parts. But just 
what additional changes may' have taken place after birth in the complexity of the 
convoluted portion of the tubule or in the loop of Henie, the diameter of the 

4. Oliver, J., and Lund, E. M. : Arch. Path. 15:755, 1933. 

5. Oliver, J., and Luey', A. S. : Arch. Path. 18:777, 1934. 

6. Loomis, D. : Arch. Path. 22:435, 1936, 

7. Huber, G. C. : Am. J. Anat. (supp.) 4:1, 1905. 

8. Stoerk, O.: Anat. Hefte 23:283, 1904. 
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normal tubules, whether or not the diameter was constant for one tubule throughout 
anj- one of the anatomical divisions, the height of the epithelium and other points 
tliat go to make up an exact knowledge of one of these structures has not, so far 
as the author has been able to find out, ever been made. Therefore, it was neces- 
sary to do considerable work on the normal tubule in order to have a basis for 
comparison in a consideration of the conditions found in the pathological material 
studied. . 

Turley was unfortunately not acquainted at that time with the 
extensive studies of the normal human kidney which had been pub- 
lished some years previously by Peter.® In the course of this work 
Peter reconstructed his now classic, though incomplete, model of the 
nonnal adult human nephron. Turley’s and Peter’s models and observa- 
tions admirably supplement each other, and will be discussed at greater 
length later. 

METHOD OF RECONSTRUCTION 

x\ll three models were reconstructed from serial sections of paraffin- 
embedded material, stained with hematoxA'lin and eosin. The follow- 
ing description of the method employed is taken from Turle 3 ''s thesis ^ 
(pages 2 and 3) ; 

Drawings of the tubule in the various sections were made with the aid of 
the camera lucida. At first some difficulty was met in getting the exact relation 
of the sections of the tubule as it appeared in the various sections, and a number 
of means were tried to obtain this exact relation. The coinmon method of students 
of embrj’ologA’, that of using the outline of the dorsum of the embryo as a guide, 
was impossible for the reason that the capsule of the kidney is not itself constant 
on either surface, in the mounted specimen. Ritzer lines were tried and these 
were found to be, if anything, less reliable than the capsule of the kidney for the 
reason that in the hands of the author it was impossible to get tlie sections mounted 
without distorting the Ritzer lines. Finally the plan to use other structures in 
the kidney as guides was hit upon and by taking several at a time it was found 
that the position of any tubule could be maintained through as many sections as 
it might pass. For this purpose the structures used were glomeruli, blood vessels, 
and the collecting tubules. And by taking two glomeruli at a time, a collecting 
tubule and one of the larger vessels it was not difficult to find and maintain the 
relation of the various sections of any tubule in passing from section to section. 

The magnification that Avas found best suited to this Avork Avas two hundred 
diameters. If a larger magnification were used it would make the model too large 
and cumbersome, and if a lower magnification were used it would both add to 
the difficulty of following the tubule and would make the model so delicate that the 
reconstruction of the entire system into one model would be next to impossible. 
Therefore all drawings were made with a magnification of two hundred diameters 
and the wax plates for the reconstructions were made two hundred times the 
thickness of the sections of the kidney from Avhich the drawings were made. 

9. Peter, K. : Die Nicrenkanalchen des Menschen und einiger Saugetiere, in 
Untersuchungen fiber Bau und Entwicklung der Nierc, Jena. Gustav Fischer, 1909, 
no. 1, p. 1. 
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The wax plates were made of bees’ wax by the method of pouring an accurately 
weighed amount of melted wax on hot water in a vat of exact dimensions. After 
cooling, these plates were measured with a micrometer to be sure that they were 
of the required thickness and no plate was used that was under or over the 
necessary thickness. 

THE NORMAL NEPHRON 

Materia !. — For this purpose I was fortunate enough to find a kidne}', which, 
although it was a little under the normal weight, was nevertheless the site of 
so few pathological changes that the “brush like inner border” of the epithelium 
of the tubules was still preserved.^o Material from this kidney was cut into a 
series of three hundred sections seven microns thick and mounted in order . . . 

This series of sections was studied carefull}’- to find as near as possible an 
average tubular system. One was finally selected about midway between the 
capsule and the arcuate vessels, and one from which the tubule left the glomerulus 
on the side toward the pelvis of the kidney which may be said to be the traditional 
point of departure of the tubule from the glomerulus, although it was found that 
the tubule may leave the glomerulus at any point even directly toward the capsule 
of the kidney irrespective of the position of the system in the cortex. [Thesis,^ 
page 2.] 

Obsei-vaiions . — By methods outlined above a normal tubule was studied and 
reconstructed and the results compared with serial drawings of other tubules to 
ascertain how nearly the reconstructed tubule represented an average tubule, and 
these facts were used as a basis of conclusions in regard to conditions found in the 
pathological material studied. A description of a normal kidney tubule, as found 
by the author, is as follows ; 

The tubule, from whatever angle it leaves the glomerulus, soon passes toward 
the capsule, following a tortuous course and continues to bend and turn on itself 
until it is some distance from the glomerulus. It then turns toward the glomerulus 
in a more direct course and passes the glomerulus in the descending limb of the 
loop of Henle. In its course toward the capsule each bend or turn that the 
tubule makes does not carry it further from the glomerulus, but there may be 
said to be major and minor turns. That is, the turns lead away from and then 
toward the glomerulus, and then away again, so that, for example, turn eleven 
and turn twenty-five are both next to the capsule of Bowman and the turns 
between eleven and twenty-five are farther away from the glomerulus, than either 
of the two mentioned. It would seem that at some stage in the development of 
the tubule there were no turns between what is now turns eleven and twenty-five 
but that the tubule had arched above the glomerulus as a simple bend, and that 
later the system had become more complex and that the newer turns which had 
arisen as a result of the lengthening of the tubule had carried part of the tubule 
farther away from the glomerulus than a part that was really more distal. But 
eventually the tubule reaches a considerable distance from the glomerulus and 
then turns toward it again in a more direct direction. In this way the average 
number of turns in the proximal convoluted tubule, to the point where it again 
reached the level of the glomerulus on its way to the loop of Henle is forty. 

The loop of Henle descends in as nearly a direct direction as the other structures 
in the vicinity will permit, with the exception that it will sometimes, in some 

10. The kidney material for the reconstruction was taken in the course of 
autopsy no. 15-46 at the Peter Bent Brigham Hospital. 
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tubules, turn almost at right angles across a cortical ray and turn as sharply 
again toward the medulla, until it reaches the arcuate vessels. From these struc- 
tures to the return in the loop it follows a more zigzag course. The thin part of 
the tubule is comparatively short. The turn is abrupt and the ascending arm 
of the loop follows a similar, and in general a parallel course to the descending 
limb of the loop. But it was found that it is not at all uncommon, especially 
in those tubules that pass below the arcuate vessels, for the ascending limb to 
have an “S” shaped bend in the medulla before passing the arcuate vessels on 
their way back to the glomerulus. The ascending limb follows, in general, a 
more direct course than the descending limb, and in every case passes the glomerulus 
near the afferent artery. So regular is this that anyone can be sure that he has 
the ascending limb of the loop of the tubule to any glomerulus by finding the 
afferent artery to the glomerulus and taking the ascending tubule found there 
without following out the whole system. 

The distal tubule makes few turns, eleven in the system modeled, until it arches 
to join the collecting tubule. 

The shape and diameter of any tubule is not constant for all parts of the 
system, or even the proximal convoluted part. The shape of the tubule will vary 
with the pressure of the other turns of itself, or with other structures. The 
diameter of the tubule in this part is in general greater near the glomerulus, and 
remains fairly constant for a considerable distance, then there is some reduction 
in the diameter which, although it is gradual, takes place in a comparatively short 
space. This reduced diameter is then constant and continues into the descend- 
ing arm. 

In the descending arm there is a gradual reduction in the diameter of the tubule 
until it reaches a somewhat smaller size which it maintains until it goes over into 
the thin part of the arm. 

The diameter of the ascending arm is constant, or nearly so, throughout its 
length. That is, there is no region in which the diameter is larger or smaller in 
general, although it may vary from place to place. 

The diameter and shape of the distal convoluted tubule is quite variable, but 
in general it is greater as it approaches the junctional part, when it again is 
reduced in diameter to a slight degree. 

The measurements of the various parts are as follows : The diameter of the 
proximal convoluted tubule averages 60 microns to the basement membrane on 
cither side and it varies between 75 and 45 microns : the upper part of the descend- 
ing arm is 50 microns and the reduced diameter is 45 microns in the lower part ; 
the average diameter of the ascending arm is 37.5 microns ; and the distal con- 
voluted varies between 40 and SO microns. 

As the tubule leaves the glomerulus the epithelium changes suddenly from a 
simple squamous to a high cuboidal, or glandular cuboidal form. The height of 
this epithelium is 17.5 microns on an average and the free ends of the cells arc 
all on a level so that the lumen of the tubule is sharpl 3 ’^ defined. The height of the 
epithelium remains constant throughout the proximal convoluted tubule. The height 
of the epithelium in the descending arm is IS microns in the upper part and is reduced 
very little until the thin part of the arm is reached. At the distal end of the 
thin part, the epithelium takes on the character of the ascending arm of the loop, 
so that structurally and functionally the distal part of the system may be said 
to begin at the distal end of the thin part of the loop of Henle. 
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From the figures given above it can easily be calculated what the square area 
of the epithelium in any part of the tubule is. Also what is the perimeter of the 
lumen of the tubule in any part. Thus the area of the epithelium in an average 
cross section of the proximal convoluted tubule is 2336.565 square microns, and 
the perimeter of the lumen at the same point is 78.54 microns. [Thesis, pages 
4 to 7.] 

THE GLOMERULUS AND PROXIMAL CONVOLUTED TUBULE 

IN ACROMEGALY 

As stated, the model of the glomerulus and proximal convoluted 
tubule in acromegaly has never been described by Turley, either in his 
thesis or elsewhere. The model was made over twenty years ago, and 
Dr. Turley no longer has any record of the autopsy number or any 
complete description of the kidneys as observed at autopsy. In answer 
to my request he has, however, supplied the following information: 

Dr. Councilman asked me to make a model of the glomerulus and proximal 
portion of the nephron in an attempt to explain a condition which could not be 
determined by gross or microscopic examination of the kidneiL Dr. Councilman’s 
statement was as follows: “Each of these kidneys weighs twice as much as a 
normal kidney should, but there is no evidence either grossly or microscopically 
which will explain the increased size.” I remember that at the time microscopic 
examinations of sections of these kidneys did not show any abnormal histologic 
character, so that the description would be that of a normal glomerulus and 
tubule. . . . The material came from Dr. Cushing’s clinic for the study of 
pituitary disturbances. . . . My studies showed that the proximal tubule was 
twice the length, while the diameter was the same as that of the normal. A 
comparison of this model with a model of the normal tubule will show that the 
general structure of the acromegalic kidney was normal, but that the tubule was 
twice the length of the normal, which accounts for the increased size of the mass 
in the model. 

THE HYPERPLASTIC NEPHRON IN CHRONIC NEPHRITIS 

Material . — In selecting material for this study, the material at the Peter Bent 
Brigham Hospital was gone over carefullj" and all of the material from chronic 
diseases of the kidney was studied, and from this several cases were selected, the 
basis of selection being that there was enough in any one piece of tissue to make 
a series of at least a hundred sections that would show as much as possible of a 
section from the capsule to the pelvis. From the cases selected one of them was 
chosen as a type because the tubules functioning at death had not undergone any 
great degenerative changes so that the character of the epithelium was as near 
normal as possible.i^ 

The combined weight of the kidneys is 195 grams. They are similar, the most 
conspicuous thing about them being the small size. The capsule strips with 
some difficulty, tearing off with it small portions of the underlying tissue and 
revealing a rough granular surface made up of numerous small elevations from 
.5 mm. to 1.5 mm. in diameter. In some places this rough appearance is less 
marked and the tissue seems to be replaced by cicatrization. The kidne 3 ’'S are of a 

11. The kidney' material for the reconstruction was taken in the course of 
autopsy no. 14-1 at the Peter Bent Brigham Hospital. 
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pale color, with red lines in the depressions. On section the consistence is found 
to be somewhat increased, the surface is extremely pale, of a yellowish to purplish 
grey color, with a few fine red lines and spots in the cortex and the same in the 
pyramids. The whole surface is of a rather uniform color, the markings are 
ver\' indistinct, the line between cortex and pyramids being hard to make out in 
certain places, while in others it is fairly definite. The average thickness of the 
cortex is 4 mnn. average length of pyramids 15 mm. Ureters and seminal vesicle 
nonnal. 

Section stained for fat shows small amount of fat, sometimes represented in 
the desquamated epithelium lying in tubules or in the thin attached degenerated 
epithelium. The hematoxylin and eosin sections show a generalized glomerular 
nephropathy, every degree of the lesion of the glomeruli represented up to complete 
destruction. The tissue is well preserved and the character of the lesions is evident. 
One of the most striking things in the section is the seeming absence of the 
glomeruli, due to the enormous degree of complete destruction. In certain of 
them there is a great increase in the covering epithelium with destruction of the 
vessels. A formation of hyaline connective tissue involves large areas of the 
organ. The tubules show a number of conditions; in the connective tissue 
masses, they are represented as very small epitheliau masses or have dis- 
appeared; in other places the tubules are dilated and the epithelium so atrophic as 
to resemble pavement epithelium ; many tvibules show areas of extensive desquama- 
tion of such thin cells, and in others there are piled up masses of degenerated 
epithelium. This cannot be regarded as an artefact on account of the freshness of 
the autopsy and the care in taking the specimen. There are certain of the glomeruli 
in which the damage is much .slighter and there are areas of tubules with the 
epithelium but little changed and which undoubtedly represent areas of hyperplasia. 
So it will he evident that these kidneys represent a chronic diseased condition where 
there is a compensatory change. 

A series of one hundred and eighty-nine sections. S microns thick, was made 
from a piece of one of these kidneys, and it was studied and modeled in the manner 
and by the same means as described above for the normal kidney, and the following 
changes were found to have taken place. [Thesis,^ pages 7 to 9.] 

Ohscn'alioiJs . — The tubule remains the nonnal diameter for some distance from 
the glomerulus, then there is a gradual though quite sudden enlargement until the 
diameter is doubled or even larger in some places. The average diameter of 
these hyperplastic tubules was found to be 115 microns on an average, and some 
were found that were 140 microns in diameter. The tubules were greath* length- 
ened, one having 95. and one 106 turns in the proximal convoluted part to the 
point where the tubule passed the glomerulus on its way to the loop of Henle. 
In some of the single sections the diameter of the tubule was even greater, but by 
following it through the series so that the diameter vertical to the plane of the 
section was found it proved to be much less, hence the perimeter of the tubule 
at that point is not greater than at some point where the enlargement is apparently 
not so great. 

It might be suggested that the apparent increase in the length of the tubule 
was due to the \miou of two or more tubules after the glomerulus had ceased to 
function. .-\nd it has been suggested by Felix that in the development of the 

12. Felix. \V. : The Development of the Urinogenital Organs, in Keibel, F.. 
and Mall, F. P. ; Infaunal of Human Embryology, Philadelphia. J. B, Lippincott 
Company, 1912. vol. 2, p. 752. 
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kidney such unions do take place, though sufficient evidence of this suggested 
phenomenon has not been produced. And against such an assumption in the 
pathological case is the fact that in the group of hyperplastic tubules there is no 
evidence that anj^ other glomeruli than tlie ones now present have ever existed. 
Students of pathology will remember that no matter how atrophied or fibrosed a 
glomerulus may become its location can always be found. So the conclusion must 
be drawn that the apparent increase in the length of these tubules is a real increase 
and represents an hj-perplasia of a compensatory nature. 

The epithelium of the tubule as it leaves the glomerulus is reduced to a squamous 
form, and this change extends for a considerable distance along the tubule, to 
the twelfth turn in some cases studied. Otherwise the epithelium is apparently 
normal in character. The average height of the epithelium is 17.5 microns, and 
the free border of the cells is, in general, on a level although apparently it is 
somewhat ragged. This apparent ragged border is due in most cases to the 
adherence of a granular deposit in the lumen of the tubule. 

By the same calculations as were made in the case of the normal tubule, the 
area of epithelium in any cross section of the tubule is 5085.465 square microns 
or more than twice that of the normal tubule, and the perimeter of the lumen 
of the tubule almost four times as great. Add to these facts the greatly increased 
length of the hyperplastic tubule and we see that there is reall}’- an enormous 
increase in the functioning capacity of one of these tubules over that of the normal 
tubule. 

The most remarkable change was found in the descending arm of the loop of 
Henle. Instead of running the usual straight course, it was turned on itself in 
sharp angles in both planes at right angles to its long axis, making in all 79 
turns. It was greatly enlarged, the average diameter was nearly as great as that 
of the hyperplastic convoluted portions, being from 75 to 95 microns, and the 
epithelium was of the same character in all respects as that of the convoluted portion. 
And the perimeter of the lumen was as great as the outside perimeter of the 
epithelium of the normal tubule. 

The figures given above are onl}'^ averages, as the diameter of the tubule at 
various points was by no means constant either in the convoluted portion or in 
the loop. There were increases in size at some points that amounted almost to 
cysts and at other points the tubule was not much above normal. The increase 
in size at the various points seemed to depend on the pressure of the surrounding 
tissues. But taking it as a whole the above figures are a fair average of the 
enlarged condition. 

Unfortunately it was not possible, in anj'^ of the series of sections that were 
obtained, to follow the tubule around the turn in the loop or even to find the thin 
part of the arm for the reason that the material was taken at random at the time 
of autopsy without any reference to making an}' use of it but for the common 
laboratory uses of diagnosis. In one case the specimen did not include all of the 
tissues from the capsule to the pyramid, and in another the specimen was too thin 
so that the tubules, running at an angle to the plane of the knife in taking the 
specimen, did not run the entire depth of the specimen. Therefore, this account 
does not include an entire tubule, and it must be left until the proper material can 
be secured before making it complete. 

The changes in the ascending arm of the loop were slight in comparison to 
those that were found in the descending arm. The diameter was somewhat 
increased, being on an average 50 microns, and it was as constant as the diameter 
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of the normal ascending arm. The arm was also somewhat bent and turned to 
follow, in general, the course of the descending arm. The epithelium was of the 
same character as that of the normal distal convoluted tubule, taking a more dense 
and uniform stain than that of the normal epithelium of the ascending arm. 

The distal convoluted tubule was enlarged, being 70 microns on an average. 
The number of turns was not increased or but b)" few more turns than in the 
normal. The epithelium was the same in character and thickness as the normal 
but it was in some places in some of the tubules, thrown into folds or rugae. 

After completing the stud}' of the tubules in this case, the tubules in other 
cases were studied by the examination of serial sections and making serial draw- 
ings. The same changes as described above could be traced in all of the cases 
of chronic disease of the kidney that were available. However, the changes were 
not so great in all cases, and the retrogressive changes in the h}'perplastic tubules 
in some cases were great enough to almost mask the compensatory changes. 

By comparison of the norma! with the functioning tubules in chronic disease 
of the kidney the conclusion may be drawn that there is a compensatory change. 
This change is greatest in the descending arm of the loop of Henle for the reason 
that it departs the most widely from the normal. The change is that of an 
increase in the length of the tubule system and an increase in the epithelium 
at all points, which results in an increase in the diameter of the tubule. [Thesis,^ 
pages 9 to 12.] 

The thesis contains no histologic description of the glomerulus of 
the particular hyperplastic nephron which was reconstructed, but Dr. 
Turley has supplied such a description for inclusion in this report, as 
follows : 

There is a slight increase in the subcapsular space, which contains a small 
amount of precipitated albuminous material and a few desquamated cells. The 
lobulation of the glomerular tuft is still apparent. In most of the lobes the inter- 
capillarj' spaces have been obliterated; in some cases this has been caused by 
fibrous tissue, and in other cases there is an apparent obliteration due to precipita- 
tion of albuminous material similar to that in the subcapsular space. In some 
of the lobes the capillaries are gorged with red cells. There has been formed a 
new epithelial capsule around the tuft, which is continuous across the intercapillary 
loops. In one place, at the tip of the tuft, next to the neck of the tubule, this 
epithelium seems to be almost of the columnar type; in most of its extent, how- 
ever, it is formed of cells of a thick, squamous character. In some of the capillaries, 
especially the main intralobular branches, there is hypertrophy of endothelium, 
but apparently in no case does it completely close the capillary. There are no 
histologic reasons apparent why a fairly good supply of blood should not pass 
through this glomerulus. There are no adhesions between the glomerular tuft and 
the capsule. The epithelium of the capsule is fairly normal. 

The greatest diameter of the glomerulus as measured by Dr. Turley 
from the original sections is 275 microns from capsule to capsule. As 
measured from the model, the maximum diameter at right angles to 
the direction aforementioned is 235 microns, and at right angles to the 
latter measurement the diameter is 170 microns. Compared with the 
nonnal, the glomerulus is obviously considerably enlarged. 
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Explanation or Figure 3 


A, Drawing of the inferior aspect of the convoluted portions of the normal nephron to show the first 
portion of the proximal convoluted tubule as it leaves the glomerulus and the course of the distal con- 
voluted tubule (dotted). The short projection (cross lined) at the superior pole of the glomerulus 
represents the point of entrance of the afferent vessel. This view of the model was obtained by the 
t'sc of a mirror, and is at somew’hat of an angle from the horizontal plane. X 100. 

F, a ‘\vire” diagram of the convoluted portions of the normal nephron, analyzing the course of the 
proximal (solid line) and distal (dotted line) convoluted tubules. The oral dotted area to the left 
represents the glomerulus. The diagram is oriented as in C for comparison. Where one portion of 
die proximal convoluted tubule passes under another portion, this is indicated by a break in the black 
line. The distal convoluted tubule is all located on the inferior aspect of the model (sec A) and at 
no point intertw’ines with the convolutions of the pro.ximnl tubule. X 100. 

C, photograph of the convoluted portion of the normal nephron. The glomerulus is located to the left 
of the center, and the point of entrance of the afTercnt vessel is shown as a small projection from the 
superior pole of the glomerulus. At the bottom of the picture the bcgiuuing of the pars recta of the 
proximal tubule is seen to the right, and the upper portion of the pars recta of the distal tubule is seen to 
d'c left. Except for these short portions of the descending and ascending limbs and of the glomerulus, 
the entire tubular mass illustrated belongs to tbe proximal convoluted tubule. The photograph shows the 
'lew obtained by looking directly down on the model, and B is similarly oriented for comparison, X 100. 
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Fig. 4. — A, photograph of the superior aspect of the model of the glomerulus 
(seen at the inferior pole of the main mass) and the proximal convoluted tubule 
in acromegaly. The upper portion of the pars recta of the proximal tubule is 
shown below and to the right. X 100. 

B, photograph of the model of the glomerulus and proximal convoluted tubule 
in acromegaly, viewed from the side (at right angles to .id). X 100. 
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Fig. 5. — A, drawing of the model of the glomerulus and proximal convoluted 
tubule in acromegalj’-, oriented as in figure 4 A. X 100. 

B, a “wire” drawing of the proximal convoluted tubule in acromegah', analyzing 
the course of the comolutions. The figure is oriented as in figures 4 A and 5 A. 
The oval dotted area represents the glomerulus. Where one portion of the proximal 
convoluted tubule passes under another portion, this is indicated by a break in the 
black line. The linear representation of the pars comoluta shows a short pro- 
jection near the beginning of the pars recta (to the right, below the center). This 
represents a small diverticulum of the tubule at this point; this diverticulum can 
be seen in figure 4 A on careful examination, and it is illustrated in A in the present 
figure. X 100. 
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Fig. 8. — Photomicrograph of the glomerulus of the hyperplastic nephron modeled 
by Turley. The urinary pole is to the right, and the flattened character of the 
epithelium of the first portion of the proximal tubule is well shown. The sectioned 
tubules beneath and to the right of the glomerulus are portions of the h 3 'perplastic 
proximal tubule of the same nephron. The photograph was supplied by Dr. Turley. 

COMMENT 

The Method of Reconstruction. — Turley’s description of his method 
of reconstruction has been quoted in the foregoing part of this article 
in detail because of Peter’s ° statements concerning the extreme diffi- 
culty of reconstructing adult mammalian urinary tubules. For a 
discussion of the use of orientation lines (Ritzer lines, etc.) in recon- 
struction, it is sufficient here to refer to the well known paper of Born 
and Peter.^® In Peter’s modeling of the adult human nephron (see 
comment later) the serial sections were provided -with such base or 
orientation lines, supplied by coating one surface of the paraffin block 
with “nubian blacking.” These lines he considered indispensable, 
stating that in his opinion it is impossible to make an accurate recon- 
struction of such a complicated tubule \vithout them. Nevertheless, 
from the recent experiences of Oliver and Lund,^ from my own experi- 
ence in modeling the nephrons of lower vertebrates and from the 

13. Born, G., and Peter, K. : Ztschr. f. wissensch. I^Iikr. 15:31, 1898. 

14. Grafflin, A. L.: Anat. Rec. 68:287, 1937. 
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general experience of other workers in modeling various tissues, I am 
entirely convinced of the adequacy of the method Turley employed, and 
I believe that his models can be accepted as wholly accurate plastic repre- 
sentations of the nephrons which he studied. 

The Normal Nephron . — In addition to Turley's model, onl)’- one' 
other extensive plastic reconstruction of the normal adult human 
nephron has ever been produced. This is the well known model made 
by Peter,® which is less complete than Turley’s in that it does not 
include the loop of Henle, but more complete in that it includes (c) 
the entire junctional tubule and a portion of the collecting duct into 
which tubule drains, (b) the afferent vessel and a portion of the 
interlobular vessel from which the afferent vessel arises and (c) a 
portion of the efferent vessel. Peter’s excellent illustrations should be 
compared in the original with those given here, since the two models 
supplement each other so excellently. The present illustrations have 
for the most part been reproduced at the same magnification as in 
Peter’s article (X 100) to render such a comparison easier and moi'e 
profitable. At the same time, drawings of the nephritic and normal 
nephron have been reproduced (fig. 2 A and C) at the same magnifica- 
tion as those of Oliver and Lund (X 50) for purposes of comparison. 

A consideration of Turley’s model shows that it probably represents 
a fairly t3^pical “short loop” human nephron. The glomerulus and 
proximal convoluted tubule of the nephron lay “about midway between 
the capsule and the arcuate vessels” (see quoted pai-agraph, page 694) ; 
the thin segment is quite short (about 1.5 mm.), and the bend in the loop 
of Henle occurs in the distal tubule. As Peter ® demonstrated, “short 
loop” nephrons are at least scA'en times as numerous as “long loop” 
nephrons. The glomeruli of the latter lie deep in the cortex, and the 
bend in the loop of Henle regularly occurs in the course of the thin 
segment, which is usually quite long. It is to be emphasized that in 
an occasional human nephron the thin segment is entirely absent, the 
proximal tubule continuing directly in the distal tubule.^" The glomer- 

15. This is the usual designation for these vessels. It is in keeping with the 
concept of a structural unit of the kidney built about the collecting ducts, in the 
sense of H. F. Traut (The Structural Unit of the Human Kidnc)'-, Contrib. 
Einbryol, 15:103, 1923). W. von Mollendorff (Der E.vkretionsapparat, in Hand- 
buch der mikroskopischen Anatomic des Menschen, Berlin, Julius Springer, 1930, 
vol. 7, pt. 1, p. 1), on the other hand, sharply disagrees with this usage; he supports 
instead the concept of a vascular unit of the kidney, built about the so-called inter- 
lobular vessels, which he designates “intralobular." 

16. The size of the glomerulus as measured from the model is appro.ximately 
235 by 163 microns — almost identical with the glomerulus in the model of the 
acromegalic nephron. 

17. Peter, K. : Zum feineren Bau der menschlichen Niere, in Untersuchungen 
iiber Bau und Entwicklung der Niere, Jena, Gustav Fischer, 1927, no. 2, p. 449; 
footnote 9. 
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uli of such nephrons lie peripheral!)' in the cortex, and the loop is con- 
fined to the cortex or extends only a short distance into the medulla. 

In both the Peter and the Turley model the ascending limb of the 
loop of Henie "returns” to apply itself to the glomerulus of the same 
nephron, lying in close apposition to the vascular pole. This relation- 
ship was first shown by Golgi and was confirmed and shown to be 
invariable — in man and all other mammals investigated — by Ham- 
burger and Peter.® The latter investigators emphasized the close 
relationship of the distal tubule to the vas efferens. That the essential 
relationship is, rather, to the vas afferens, Turley was apparently the 
first to appreciate. In his thesis he strongly insisted on this relation- 
ship and stated that “anyone can be sure that he has the ascending limb 
of the loop of the tubule to any glomerulus by finding the afferent 
artery to the glomerulus and taking the ascending tubule found there 
without following out the whole system.” 

This dictum of Turley’s has been strongly reenforced by the 
extensive study of Michailovitch.®® As is now well known, the epi- 
thelium of the distal tubule shows a striking dense accumulation of 
nuclei — the "macula densa,” so named by the late Prof. K. W. Zimmer- 
mann — at the point of apposition to the vascular pole of the glomer- 
ulus. In a reinvestigation of the problem of the exact relationship of 
the ascending limb to the glomerulus, Michailovitch made a careful 
study of the “macula densa” in twelve different species : man, baboon, 
rhesus monkey, horse, cat, dog, pig, ox, rabbit, guinea pig, mouse and 
rat. His conclusions may be briefly summarized : In all animals inves- 
tigated the ascending limb is in direct apposition to the vascular pole 
of the glomerulus and, more specifically, is intimately attached to the 
vas afferens near its point of entrance into the glomerulus. That this 
intimate association with the vas afferens is the important and essential 
relationship is shown by the fact that one finds here, and only here, 
the formation of the “macula densa” in the tubular wall. The “macula 
densa” is developed only on one side of the tubule — ^the side adjacent to 
the vas afferens — and is of variable length, with a maximal observed 
length in man of 66.6 microns. The ascending limb usually crosses the 
vas afferens at the point of contact but can lie lengthwise along it 
(obsen'ed in the dog and the pig). The close packing of the nuclei 
was found to be less marked in the cat than in any of the other animals 
investigated. 

IS. Golgi, C. : Rendic. d. r. Accad. d. lincei, Cl. di sc. fis., mat. e nat. 5:334, 1889. 

19. Hamburger, O. : Arch. f. Anat. u. Entwcklngsgesch., 1890, supp., p. 15. 

20. Michailovitch, V.: Wie verhalt sich der aufsteigende Schcnkel der 
Henle’schen Schleife zum corpusculum rcnis? Inaiig. Dissert., Berne, Switzerland, 
1919 (unpublished; consulted in the original in Berne). 
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Djokic obsen’ed the “macula densa*' in the bear and confirmed its 
association with the vas afferens. and Belosavitch made the same 
obser\-ation for the llama, ^'on iM611endorff,=® in his recent treatise on 
the kidney, fully accepts tiie conclusion of ^Midiailovitch (and so of 
Turley, though the latter's work was unknown to him) that the essential 
relationship of tlie ascending limb is witli the vas afferens. 

In view of the invariability of this association of tlie ascending limb 
with the vascular pole, and in particular with the vas afterens, of the 
glomerulus of the same nephron, it seems tliat one need never again 
experience tlie difficulties encountered by Oliver and Lund.^ In 
describing the technic of making their reconstructions of the atrophic 
and hypertrophic nephrons in chronic nephritis, the}' wrote as follows : 

The identification of the distal convolution, including tlie connecting tubule 
and the collecting tubule, offered a somewhat more difficult problem. No certain 
point of departure was available, since it is impossible to trace the tubule through 
Henle’s loop . . . and then back to the region of the glomerulus. Cross- 
sections of what appeared to be the corresponding distal convolutions were there- 
fore chosen and followed tlirough the drawings. The fifth attempt proved successful, 
as was shown by the inclusion of the selected tubule within the loops of the proximal 
convolutions. 

In concluding the comment on this aspect of the problem, it is 
well to point out that an intimate apposition of the future distal titbule 
to the glomerulus dates from the vert- beginning of the embrw'ologic 
development of the nephron and is never lost in the subsequent develop- 
ment of the loop of Henle. 

Although it is not specifically stated in his thesis, Dr. Turley has 
informed me that the model of tlie normal nephron includes the entire 
distal convoluted tubule and is interrupted at the point where the latter 
joins the junctional tubule. 

The Gloincniliis and Proximal Convoluted Tubule in Acromegaly . — 
As stated, Turley’s model of the glomerulus and proximal convoluted 
tubule in acromegaly is entirely unique. That the disease is usually 
characterized by “a general splanchnomegaly of the ^'iscera which is 
disproportionate to the general enlargement of the body’’ and that 
the liver and kidneys are particularly enlarged have been emphasized 
by Cushing and Davidoff.-’ They gave the average combined weight 

21. Djokic, -A.. M. : Zur Histologic der Barenniere. Inaug. Dissert., Berne, 
Switzerland, 1919 (unpublished: consulted in the original in Bernel, 

22. BelosaHtch. X.; Ueber den Bau der Lamaniere. Inaug. Dissert., Berne. 
Switzerland. 1919 (unpublished: consulted in the original in Berne). 

23. von Mollendorff. W. : Der Exkretionsapparat. in Handbuch der mikro- 
skopischen .Anatomic des Menschen. Berlin. Julius Springer. 1930. vol. 7. pt. 1. p. 1. 

24. Cushing. H., and Davidofi. L. M.: The Pathological Findings in Four 
.Autopsied Cases of .Acromegaly with a Discussion of Their Significance. Alonograph 
22, Rockefeller Institute for Ivledical Research. 1927. 
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of the kidneys in 25 cases as 576 Gm., with a maximum of 1,170 Gm. 
They further stated that in their own cases “the huge organs on the 
whole have been well within histologically normal limits.” 

It will be recalled that in the case in which Turley made his recon- 
struction the weight of the kidne 3 '^s was approximately twice the normal 
and that no abnormal histologic change was observed. The essential 
fact contributed b}'^ the model is that in the case of acromegaly studied 
by Turley the' pars convoluta of the proximal tubule of the particular 
nephron reconstructed had undergone a striking increase in length but 
not in diameter and that the increase in length was roughl}’' proportional 
to the enlargement of the kidne)'^ as a whole (approximately twice 
normal). The size of the glomerulus as measured from the model is 
approximatelj'- 235 hy 160 microns, which is within the normal range. 
In 2 of 4 cases of acromegaly reported by Cushing and Davidoff, on 
the other hand, as they definitely stated, the glomeruli were enlarged 
(those in case I being “large” ; those in case III, “distinctly enlarged” 
— average diameter, 250 microns), and Schultze and Fischer reported 
a marked enlargement of the glomeruli (diameter, from two to three 
times normal) in a case of theirs. With respect to the tubules, Cushing 
and Davidoff stated that “the tubules, particularly the convoluted, are 
definitely dilated” (their case I) and again that “all the tubules are 
large, the convoluted average 90 fi in diameter as compared with a 
normal of 70 /x” (their case III). To my knowledge, no measurements 
of the length of the renal tubules in cases of acromegaly have ever been 
reported. 

Obviously, a great deal more work must be done in order to clarify 
the factors underlying the enlargement of the kidney in acromegaly. 
Turley’s model is a distinct contribution but represents, after all, only 
a single glomerulus and proximal convoluted tubule in a single case. 
Accurate measurements of large numbers of complete nephrons and 
of their various subdivisions are clearly desirable; for such a study 
the maceration technic, supplemented by examination of histologic sec- 
tions, would be. the method of choice.-® 

The Hyperplastic Nephron in Chronic Nephritis . — There is avail- 
able only one other model of the hyperplastic nephron in chronic nephritis 
with which Turley’s model can be compared, namely, that of Oliver and 

25. Schultze, F., and Fischer, B. : Mitt. a. d. Grenzgeb. d. Med. u. Chir. 24: 
607, 1912. 

26. The maceration technic has been applied by Peters (Peters, E. : Arch. f. 
Zellforsch. u. mikr. Anat. 8:63, 1928) to kidneys showing compensatory hj'per- 
trophy after unilateral nephrectomy. The study was carried out on white mice. 
While there was some increase in glomerular size, the most striking finding was 
an increase in the length of the proximal tubule ; unfortunately, the measurements 
did not include the remaining segments of the nephron. 
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Lund.^ Their model is less complete than Turle3^’s in that it does not 
include any significant portion of the ascending and descending limbs 
of Henle’s loop, but more complete in that it includes (a) the entire 
distal convoluted tubule, the junctional tubule and a portion of the 
collecting duct into which the latter drains, (b) the afferent vessel and 
a portion of the interlobular vessel from which the afferent vessel arises, 
and (c) a portion of the efferent vessel. The two models supplement 
each other well, and the Oliver and Lund illustrations should be care- 
fully compared with those given here. The outstanding feature of the 
hyperplastic nephron in chronic nephritis is clearly a massive enlarge- 
ment of the proximal tubule. The remaining segments of the nephron 
share not at all in this hypertrophy or do so to only a verv minor extent. 
Though the Oliver and Lund model includes only the pars convoluta 
of the proximal tubule, Oliver and Lue}^ “ subsequently demonstrated, 
by maceration studies, that the enlargement involves as well the entire 
pars recta, which shows a remarkably tortuous course, being folded 
back and forth on itself. The strikingly altered appearance of the pars 
recta of the proximal tubule is well shown in Turley’s model, although 
it is to be emphasized that the model is not complete in this respect, 
i. e., stops short of the transition to the thin segment. 

The status of the glomeruli in the two reconstructed hyperplastic 
nephrons is interesting. The histologic description of the glomerulus 
in Turley’s nephron leaves no doubt that the functional capacity of the 
glomerulus must have been markedly reduced. In the nephron of 
Olwer and Lund the glomerulus was definitely increased in size, but 
“the great majority of the tuft capillaries and the greater part of Bow- 
man’s space were obliterated, and the original free surfaces, which must 
have been of great importance in glomerular activity, were greatly 
reduced.” In other words, from the functional standpoint their hyper- 
plastic nephron was essentially “aglomerular.” From the data available, 
such functionally aglomerular nephrons must be of very frequent occur- 
rence. Furthermore, Oliver and Luey were able to demonstrate the not 
infrequent occurrence of truly aglomerular nephrons, in which all 
physical connection with the glomerulus had been lost by a complete 
interruption of the nephron at some point in the proximal tubule. Yet 
these functionally aglomerular and truly aglomerular nephrons must be 
considered, from the morphologic point of view at least, as capable of 
considerable functional activity. 

As is now well known, aglomerular kidneys occur in many species 
of teleostean fishes, a fact which has been of considerable interest in 
studies of the physiology of the vertebrate nephron (for a broad state- 

27. Oliver, J., and Lucy, A. S.: .Arch. Path. 19:1, 1935. 
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ment of the problem see Marshall '®) . Important for present considera- 
tion are the following facts: (1) The naturally occurring aglomerular 
nephron in the teleost consists solely of a segment provided with a 
brush border, i. e., the homologue of the proximal tubule of the higher 
vertebrates;^^ such aglomerular nephrons show a marked capacity for 
tubular excretion.®” (2) In glomerular teleosts in which the nephron 
exhibits only the proximal tubule, the latter segment likewise shows 
considerable tubular excretion, and when such nephrons are rendered 
functionally aglomerular by the injection of repeated large doses of 
phlorhizin the tubular excretoiy capacit}'^ of the proximal tubule can be 
quite marked.®” 

The interest of these facts in connection with the findings of Oliver 
and his associates and of Turley in human nephritis is obvious. In 
the hyperplastic nephrons which they have studied and which may be 
functionally or truly aglomerular, it is pnly the proximal tubule which 
shows massive enlargement, the remaining segments of the nephron 
remaining essentially normal. The proximal tubule is the only sub- 
division invariably present in the vertebrate nephron, and it appears to 
be the fundamental segment of the renal tubule. In the lower vertebrates 
the excretory capacity of the proximal tubule— whether a glomerulus is 
present or not — has been adequatel}'^ demonstrated. In man, on the 
other hand, tubular excretion — under normal conditions — apparently 
plays a very minor role in the formation of urine. Since in advanced 
chronic nephritis the burden of renal function is apparently borne in 
large measure by the hyperplastic nephrons, since massive enlargement 
is exhibited only by the proximal tubules and since these hyperplastic 
nephrons may be functionally or truly aglomerular, it appears reasonable 
to assume that such hyperplastic nephrons are the site of marked tubular 
excretion and that this tubular excretion — primarily at least — is taking 
place in the enormously hyperplastic proximal tubule. The implication 
is that the proximal tubule, primarily reabsorptive in man under normal 
conditions, is able, under certain pathologic conditions, to develop in 
marked degree the capacity for tubular excretion which characterizes 
this segment in lower vertebrates. Important in this connection is the 
following general conclusion of Marshall : ‘Tn the human kidney, 

where filtration-reabsorption appears under ordinary conditions to play 

28. Marshall, E. K., Jr.; Physiol. Rev. 14:133, 1934. 

29. There is likewise present a short junctional tubule such as characterizes all 
vertebrate nephrons ; this junctional tubule is usually regarded merely as a conduit 
and will be disregarded in the present discussion. 

30. Marshall, E. K., Jr., and Grafflin, A. L.: J; Cell. & Comp. Physiol. 1:161, 
1932. 

31. Smith, H. W. : The Physiologj'- of the Kidnej'-, New York, Oxford Uni- 
versitj’ Press, 1937. 
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a predominant role for the normal urinary constituents, it is possible 
that under certain pathological conditions the more primitive secretory 
process in the tubule may be of major importance.” 

MacNider,®^ in his studies of experimental chronic nephritis from 
uranium nitrate in dogs, pointed ouf that in areas of the kidney exhibit- 
ing complete obliteration of the glomeruli “a modified type of (proximal) 
convoluted tubule epithelium has been preserved” ; he went on to state 
that “such areas resemble the normal structure first descinbed by 
Marshall®® for the aglomerular toadfish, Opsanus tau.” On the basis 
of his observations MacNider suggested the possibility “that an organ, 
the seat of processes of degeneration followed by repair, may as a result 
of the latter process revert back to a type of structure normal for a 
remote ancestral form.” 

The occurrence and probable significance of the aglomerular nephrons 
in human chronic nephritis were extensively discussed by Oliver and 
Lue}^-’^ whose treatment of the problem should be consulted. These 
authors and later Loomis “ likewise discussed in detail the problems 
associated with the maintenance of an adequate blood supply to the 
diseased kidney. In the latter connection I should like to call attention 
here to the recent and very important contribution of Spanner,®^ who 
was able to demonstrate the occurrence of arteriovenous anastomoses 
in considerable numbers in the normal human kidney. 

Some years ago I was faced with the paradox of a kidney which 
exhibited numerous glomerular structures anatomically, yet behaved 
functionally as a completely aglomerular organ.®® This observation 
was made in an old specimen of Myoxocephalus scorpius (a marine 
teleost), and it became necessary to attempt to reconcile the anatomic 
with the physiologic observations, particularly since younger specimens 
of the same species gave some evidence of glomerular function, and since 
the kidney of a closely related species, Myoxocephalus octodecim- 
spinosus, regularly showed marked glomerular function.®® Histologic 
study of the kidney in a series of specimens of M. scorpius, varying 
in weight from 85 to 1,006 Gm., satisfactorily explained the paradox 
in the very old specimen and led to the following conclusions : 

The glomeruli have been rendered incompetent by degenerative changes affecting 
both the vascular tufts and the neck segments, so that it is practically impossible 
to find a single glomerulus which on anatomical grounds can be considered func- 
tional. In young fish of the same species there can be found adequate anatomical 

32. MacNider, W. deB.: Proc. Soc. Exper. Bfol. & Med. 31:293, 1933. 

33. Marshall, E. K., Jr.: Bull. Johns Hopkins Hosp. 45:95, 1929. 

34. Spanner, R., in Verhandlungcn dcr anatomischer Gesellschaft, Anat. Anz. 
(supp.) 85:81, 1938. 

35. Grafilin, A. L. : Anat. Rec. 57:59, 1933. 

36. Grafilin, A. L. ; Anat. Rec. 68:145, 1937. !^^a^shail and Grafflin.-'*o 
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basis for the varying, but low, glomerular function which can be demonstrated 
physiologically. However, considerable degeneration is already present in the 
3’^oungest specimens examined, and these changes become steadily more prominent 
with increasing age. . . . This degeneration is interpreted as a physiological 
involution rather than as a pathological process. 

Despite the widespread obliteration of the glomerulus and of its asso- 
ciated neck segment, the remainder of the nephron, consisting solely 
of the proximal tubule, almost uniformly persists. Furthermore, the 
persistent aglomerular nephrons are entirely normal in appearance, and 
in no single instance do they exhibit the marked h)'^perplastic changes 
observed in the proximal tubule in human nephritis. 

It will be recalled that in his thesis Turley made the following state- 
ment concerning the hyperplastic nephrons in chronic nephritis : “The 
epithelium of the tubule as it leaves the glomerulus is reduced to a 
squamous form, and this change extends for a considerable distance 
along the tubule, to the twelfth turn in some cases studied.” In his 
subsequent publication - he emphasized this observation, stating that 
“this was a uniform process in all of the compensating tubules and it 
was not an atrophy but a change to a different type of epithelium.” 
Associated with the fact that the epithelium in this region is flattened 
is the fact (see page 697) that “the tubule remains the normal diameter 
for some distance from the glomerulus,” subsequently showing a marked 
increase in diameter. The reason for emphasizing this observation of 
Turley’s here is that no mention of the squamous character of the epi- 
thelium in the first portion of the proximal convoluted tubule is made 
in the original publication b}'' Oliver and Lund * or in subsequent publi- 
cations from Oliver’s laboratory. However, there are indications that 
the latter workers have at times been dealing with the same thing in 
their maceration studies. For example, Oliver and Luey ® stated that 
“the tubule contiguous to the glomerulus may remain undilated, thus 
forming a long narrow stretch that extends to the dilated portion.” 
Here they refer to their figure 17, which, in gross appearance at least, 
suggests the condition described by Turley. Also, Loomis ® stated that 
“the increase in the diameter of the proximal convoluted tubule is often 
less marked near the glomerulus.” 

While in his thesis Turley stated simply that there is “an enormous 
increase in the functioning capacity of one of these (hyperplastic) 
tubules over that of the normal tubule,” in a later paper he was more 
specific : “An idea of the extent of this compensatory hyperplasia can 
be gotten when we realize that some of these hyperplastic tubules 
judging by a comparison of the surface of the epithelium have the 
functional capacit}'^ of nine normal tubules.” This is to be compared 

37. Turley, L. A. : J. Oklahoma M. A. 14:205, 1921. 
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with the statement of Oliver and Luey ^ that “the hypertrophied unit may 
replace in physical size twelve normal structures.” 

Turley’s model includes a portion of the ascending limb of Henle’s 
loop but not the distal convoluted tubule. In figure 2 A it can be seen 
that the ascending limb has been cut off at its point of apposition to the 
glomerulus. Turk}" identified the ascending limb belonging to the nephron 
by its close relationship to the vas afferens of the glomerulus. From 
the foregoing comment, this procedure would leave no doubt as to the 
accuracy of the identification, particularly in view of the report by 
Oliver and Luey ^ that the intimate association of the ascending limb 
with the glomerulus, characteristic of the normal kidney, is likewise 
true of the abnormal kidney. 

The Illnsfratioiis . — All of the illustrations presented in this paper 
are new and, with the exception of figure 8, have been made in this 
laborator}' under my direction. The legends for all figures are suffi- 
ciently explanator}’’, so that no further comment on them is necessary. 

In Turley’s original thesis there are four plates of illustrations, which 
will be brief!)' described. Plate I contains two photographs of the 
model of the normal nephron, a top view and a side view (the latter 
the same as figure 1 A in the present article). Plate II is a pencil draw- 
ing from the normal kidne)', showing Bowman’s capsule with the tubular 
outlet from it and cross sections of the proximal convoluted tubule, distal 
convoluted tubule and the ascending and descending limbs of Henle’s 
loop. Plate III contains two photographs of the hyperplastic nephron 
in chronic nephritis, a top view' (as in figure 2 A of this article) and a 
side view' (but from the side opposite to that shown in figure 1 B of 
this article). Plate IV contains tw'o pencil drawings labeled “hyper- 
plastic tubules.” One draw'ing shows Bowman’s capsule w'ith its tubular 
outlet, the latter exhibiting flattened epithelium, and cross sections of 
the proximal and distal convoluted tubules. The other draw'ing repre- 
sents a transection of the loop of Henle, w'ith cross sections of the 
ascending and descending limbs. 

SUMMARY 

Over tw'enty years ago Dr. Louis A. Turley made three plastic recon- 
structions of the human nephron, representing (1) the normal nephron, 

(2) the glomerulus and proximal convoluted tubule in acromegaly and 

(3) the hyperplastic nephron in chronic nephritis. These three plastic 
reconstructions are the subject of the present report. Turley’s descrip- 
tion of his findings is given in his own w'ords, taken primarily from his 
doctoral thesis. Various aspects of his work are commented on in the 
light of present knowdedge, and a fairly extensive series of photographs 
and drawings of the models is supplied. The model of the normal 
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nephron represents the only instance, up to the present time, in which 
the reconstruction of an essentially complete adult mammalian nephron, 
including the loop of Henle, has ever been successfully accomplished. 
The model of the glomerulus and proximal convoluted tubule in 
acromegaly is entirely unique; it demonstrates that the proximal con- 
voluted tubule has undergone a striking increase in length, but not in 
diameter, and that the increase in length is roughly proportional to the 
enlargement of the kidney as a whole (approximately twice normal). 
The model of the hyperplastic nephron in chronic nephritis antedates 
by many j^ears the recent model of Oliver and Lund and confirms, and 
to some extent supplements, their findings and the findings in maceration 
studies made by Oliver and Luey and by Loomis. The outstanding 
feature of the hyperplastic nephron is an enormous enlargement of the 
proximal tubule, affecting both the pars convoluta and the pars recta. 

It has been known since the work of Golgi tliat the ascending limb 
of the loop of Henle applies itself to the glomerulus of the same nephron, 
lying in close apposition to the vascular pole. Contrary to Hamburger 
and Peter, who emphasized the close I'elationship of the ascending limb 
to the vas efferens, Turley was the first to appreciate that the essential 
relationship of the ascending limb is to the vas afterens. 
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For many years after the fii'st case of coccidioidal granuloma was 
recognized,’- infection by the fungus coccidioides (Coccidioides immitis) 
was considered to produce a progressive disease resulting uniformly in 
death unless the entire mass of infected tissue could be excised or at 
least thoroughl}’’ curetted.^ However, in certain cases of coccidioidal 
granuloma in tissues like the leptonieninges or the joints infection must 
have occurred by metastasis, yet no primary focus is apparent. Four 
such cases of coccidioidal meningitis are included in the series of Abbott 
and Cutler.® This means either that the organisms can pass into the 
blood stream from the site of inoculation without producing recognizable 
lesions or that primary lesions may be nonprogressive and become so 
inconspicuous that they are missed even when carefully sought at post- 
mortem examination. The latter possibility is supported by Abbott and 
Cutler’s case in which the supposed primary lesion in the lung showed 
“remarkable degrees of healing.” Giltner ^ reported apparent healing 
of coccidioidal granulomas produced in calves and pigs. Dickson’s ® 
collection of cases in man included an instance of “healed coccidioidal 
granuloma” of the lung. Further proof that coccidioidal infection may 
heal or become quiescent was afforded by Dickson ® when he established 
the fungus coccidioides as the cause of a nonfatal respiratory disease 
associated with erythema nodosum. This disease, known as “valley 
fever,” “desert fever” or “desert rheumatism,” is prevalent in the San 
Joaquin Valley, Calif., where coccidioidal granuloma has long been 
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known to occur frequently. Moreover, increasing use of the coccidioidin 
skin test has revealed many positive reactions in persons who live or 
have lived in the San Joaquin Valley but who neither give a history of 
erythema nodosum nor show evidence of active coccidioidal granuloma.’' 

The present study is concerned only with quiescent granulomatous 
lesions of coccidioidal origin. We wish to emphasize, as did Dickson, 
that the lesions of ‘valley fever” have not been demonstrated to be 
coccidioidal granuloma in the sense that their histologic structure is 
granulomatous. Careful studies are still needed to determine the rela- 
tionships between various manifestations of the fungus infection. 

It is to be hoped that physicians throughout the country will acquire 
an interest in this disease, isolated cases of which have been reported 
repeatedly in various parts of the world. Most of these cases have 
been related to residence in California, but recently indications of an 
endemic distribution of the fungus coccidioides outside California 
have been recorded by Woolley® and by Farness.® These observers 
have seen several patients who while living in Arizona acquired mild 
respiratory symptoms and erythema nodosum and whose sputum gave 
cultures of the fungus coccidioides.’^® In view of the common occurrence 
of benign infection with the fungus coccidioides and the trend toward use 
of migratory labor in the San Joaquin Valley, as well as the extension of 
travel facilities within the United States and the increasing recognition 
of cases of this infection outside California, it seems timely to ’call 
attention to quiescent lesions due to this fungus which are likely to 
be passed over in postmortem examinations as tuberculous. 

REPORT OF CASES 

In the course of about 3,000 routine autopsies performed in San 
Francisco between the j^ears 1932 and 1937 there were found 4 cases 
of arrested coccidioidal granuloma. In the same series there were an 
equal number of cases of progressive coccidioidal granuloma. It is 
probable that other arrested lesions were missed, since in 3 of the 4 
instances which are reported here the diagnosis was first made by 
histologic examination of calcified nodules from the lungs or intra- 
thoracic lymph nodes and since in many of the autopsies histo- 
logic sections from such nodules were not made as a routine. These 
facts indicate that cases of arrested coccidioidal granuloma in man are 
more frequent than is usually supposed and may considerably outnumber 
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the cases of fatal progressive granuloma. It should be noted particularly 
that the autopsies were performed in a district outside the San Joaquin 
Valley. There, where active lesions of this disease are frequent, the 
incidence of arrested lesions may be expected to be much higher than 
is indicated by their frequency in our autopsy series. 

In all cases to be reported the patients were past 50 years of 
age. In 2 instances the occupation was such that there might have 
been unusual exposure to dust, but in only a single instance (case 4) 
was the patient known to have spent a period of time in the San 
Joaquin Valley. In no patient were the arrested coccidioidal lesions 
a factor in causing death. 

Case 1. — A 56 year old white miner had worked in dusty coal mines, as well 
as in gold and ■•silver mines, for thirty-five years up to seven years before his 
death. Residence in the San Joaquin Valley was not recorded. He denied having 
had any severe illnesses. Roentgen studies of the chest three years before death 
showed a dense shadow about 2 cm. in diameter at the apex of the right lung 
and an indefinite faint shadow at the apex of the left lung. 

At autopsy, performed the day after death, the anatomic diagnosis was : car- 
cinoma of the lung with metastases to the tracheobronchial lymph nodes ; broncho- 
pneumonia; emphysema; arrested coccidioidal granuloma of the lungs. 

A large infiltrating tumor almost replaced the lower lobe of the right lung, 
and at the bronchial bifurcation the lymph nodes were enlarged and grossly infil- 
trated with tumor. The posterior parts of both lungs showed extensive hyperemia, 
edema and pneumonia. In addition, there was a firm black nodule, about 2 cm. 
in diameter, in the lung substance nOr the apex of each lung. Each nodule con- 
tained a core of gray material, 1.4 cm. in diameter. There were no other scars. 

Histologically, each of the two nodules from the upper lobes was composed 
largely of masses of partly calcified granular material, surrounded by a well 
demarcated dense fibrous capsule. The inner portion of this capsule was exten- 
sively hyalinized ; the outer portion contained much black carbon pigment, scattered 
lymphocytes and several small nodules. The last mentioned varied in composition 
from hyalinized fibrous tissue to fibrous tubercles, in which epithelioid cells and 
occasional giant cells of the Langhans type were recognizable. However,^ there 
was no evidence of active extension of the process (fig. 1). Toward the periphery 
of the caseous material and embedded in the fibrous tissue at several points were 
a few scattered spherules from 15 to 40 microns in diameter. Each of these 
had a granular inner structure and a double-contoured refractile capsule char- 
acteristic of the fungus coccidioides. At the center of the caseous material were a 
number of empty refractile capsules like those of the intact spherules near the 
periphery. Calcified spherules were not seen, but some of the spherules present 
showed irregular thick capsules, the outer portions of which were nonrefractile 
and were stainable with eosin, giving the surface a ragged appearance. One 
spherule contained endospores (fig. 2). The hilar and mediastinal lymph nodes 
contained tumor tissue, and one node showed several small scars, but there was 
no evidence of coccidioidal infection. 

Comment. — The character of the pulmonary nodules was not suspected in 
examination of the gross specimen, and no cultures w'ere made. Of particular 
interest was the presence of a localized lesion in each lung with no evidence of 
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lymphatic spread. These lesions were comparable in size and position to the 
shadows seen in the roentgen films taken three years before death. At that time 
they were presumably already old, and apparently' they underwent no significant 
change during the last three years of the patient’s life. However, the presence of 
intact spherules in the lesions suggests that some organisms were still alive. 

Case 2. — This 66 year old Scotch delivery'man was seen over a period of two 
years before death, but an inadequate history was recorded, and it is not known 
whether he had lived in the San Joaquin Valley. Roentgen examination of the 
chest two years before death showed no abnormality of the lung fields. The 



Fig. 1. — Low power magnification of the margin of one of the pulmonary 
nodules in case 1, showing the dense fibrous capsule and a small secondary nodule 
adjacent to a small artery at the outer surface. Hematoxydin-Van Gieson stain; 
X 13. 

patient died following a colostomy performed to relieve a chronic obstruction of 
the large bowel. 

Autopsy', performed eight hours after death, showed : diffuse hy'pertrophy of 
the colon without obstruction; bronchopneumonia; arteriosclerosis of the coronary 
arteries ; arrested coccidioidal granuloma of the lung. 

There was moderate bronchopneumonia in both lungs posteriorly, and at each 
apex was a moderate-sized dense fibrous scar. One was composed of an oval 
caseous central portion, 8 mm. long, and a capsule of dense black fibrous tissue, 
about 1 mm. thick. 
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Histologic examination showed many clusters of black pigment in the outer 
portion of the fibrous capsule, which was hyalinized and sharply demarcated from 
the adjacent lung tissue. It contained scattered clusters of lymphoid cells but 
no epithelioid or giant cells. The centrally located caseous material was granular 
and basophilic. It contained numerous long clefts resembling spaces from which 
cr 3 'stals had been dissolved, and many easily recognizable spherules, from IS to 30 
microns in diameter, with double-contoured retractile capsules characteristic of 
the fungus coccidioides. Intimately attached to the outer surface of some spherules 
was an irregular thin layer of homogeneous, slightly basophilic material, which gave 



Fig. 2. — A portion of the caseous material from the nodule in case 1, showing 
a thin-walled spherule containing endospores and a smaller one with a thickened 
irregular capsule. Hematoxylin-eosin stain; X 490. 


the surface a rough, ragged appearance. Near the periphery of the caseous zone 
were a few completely calcified spherules, stained deeply wdth hematoxylin. Two 
spherules were larger than the others, had thin capsules and contained numerous 
small round endospores characteristic of the fungus coccidioides. 

Comment. — Since the unusual nature of the nodules in the lungs was not recog- 
nized during life or at autopsy, no cultures were made, no material -was taken 
for histologic study from the fibrous area in the other lung, and no special 
search was made for abnormal lymph nodes within the thorax. However, none 
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was found on routine examination. Although the lesion described was completely 
arrested, one could not consider it healed, since numerous intact spherules were 
present. Presumably the calcified spherules were dead before the death of the 
patient, but many spherules deviated in appearance frorn those in fresh lesions 
only by the accumulation of an irregular thin homogeneous stainable laj'er on 
the surface of the capsule. 

Case 3. — A Greek insurance broker aged 53 years gave no history of residence 
in the San Joaquin Valley and remembered no serious illness prior to the onset of 
heart failure seventeen months before death. Roentgen examination of the chest 
was not made. 

Autopsy, performed four hours after death, gave the following anatomic diag- 
nosis : generalized arteriosclerosis, with hypertrophy of the heart and scars in the 
heart muscle; chronic passive h 3 'peremia of the viscera; anasarca; chronic chole- 
cystitis with calculi in the gallbladder; scar at the apex of the lung; arrested 
coccidioidal granuloma of a mediastinal lymph node. 

The lungs showed no lesions aside from peripheral collapse and hj’peremia, 
with a small superficial scar at the apex of the right lung, where there were a 
few fibrous pleural adhesions. The hilar Ij'mph nodes were small and black, 
except for one which measured 2 by 1 by 1 cm., behind and to the right of the 
trachea, near its bifurcation. This node contained an irregular white caseous 
mass, about 7 mm. in greatest diameter, with a peripheral firm calcified portion 
and a thin but dense fibrous capsule. 

Histologic study of this lesion showed a granular structure of the caseous 
material, in which were many slender fusiform clefts. Here and in many places 
within the inner portion of the fibrous capsule were many spherules with double- 
contoured retractile capsules, from 10 to 30 microns in diameter. In some the 
outer surface of the capsule was slightly ragged and irregular. Many capsules 
were empty, but others contained poorly defined retractile granular material, and 
some were calcified, showing a deep blue staining reaction with hematoxylin and 
lacking visible detail in their inner structure. No small endospores were found, 
but in two places spherules buried in the capsule enclosed daughter spherules 
up to 10 microns in diameter. The fibrous capsule was extensivelj'^ hyalinized in 
its inner portion. In one place it had a nodular appearance, as if formed by 
fusion of several masses, but no cellular tubercles were present. Aside from a 
few scattered l 3 'mphoc 3 ^tes, the capsule contained few cells. It was sharph" 
demarcated from the remaining l 3 "mphoid tissue. 

Comment . — Presumably the portal of entry of the fungus was the lung, though 
no lesion was found except the apical scar, which was considered so character- 
istic of a tuberculous scar that no material was saved for histologic stud 3 ^ It did 
not grossl 3 ’’ resemble any of the arrested lesions found in the other cases reported 
here. Conceivabh’, the pulmonary lesion was completely healed or had been 
reduced to such insignificant proportions that it was overlooked. Also, the possi- 
bility cannot be ruled out that the organism passed through the lung without 
producing a lesion. In any event, the lesion of the lymph node was completely 
arrested, as determined by its histologic structure, but, as in cases 1 and 2. the 
lesions cannot be considered healed. 

Case 4. — A 60 3 "ear old Yugoslavian farm hand came to California in 1917 
and was emplo 3 ^ed on a hopper machine in the San Joaquin Valle 3 % Soon he 
noticed on the dorsum of his right wrist _ an eczematous lesion. This became 
ulcerated and persisted until his death, fifteen 3 ’ears later, though durinii the 
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intervening years it had undergone stages of partial healing and exacerbation. 
On several occasions during the early course of this lesion cultures from it showed 
growth of Coccidioides immitis. The patient had no pulmonary symptoms except 
those associated with heart failure during the last two years of his life. How- 
ever, a roentgenogram of his chest made two years before death showed several 
“round calcified areas of density the size of marbles” in both lower lung fields, 
with moderate increase in the hilar markings (fig. 3). 

Autopsy was performed two days after death. The anatomic diagnosis was: 
generalized arteriosclerosis with hypertrophy of the heart and scars in the heart 
muscle; thrombosis of the renal arterj' with infarction of the kidne}"^; arrested 
tuberculosis of a mesenteric lymph node; scars at the apexes of both lungs; 
arrested coccidioidal granuloma of tlie skin of the wrist and of the lungs. 

The lesion of the wrist consisted of an irregular zone of thin, slight!}’ uneven 
skin, pigmented light brown, about 3 cm. in diameter, the center of which was 
covered by a small crust. No pus was present, and no material was removed 
for histologic study. There were a few firm localized adhesions partly obliterat- 
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Fig. 3. — Roentgenogram of the chest (case 4) taken two years before death. 
There are -well circumscribed areas of density in the lower portions of both lung 
fields. 



ing the left pleural cavity posteriorly and covering a calcified subpleural nodule, 
about 1 cm. in diameter, near the upper margin of the lower lobe of the left lung 
posteriorly. There was a similar large node, measuring 3 by 2.5 by 2.5 cm., in 
the tissue of the same lower lobe anteriorly near the inferior margin, and two 
smaller, pea-sized nodules were found in the periphery of the upper lobe near its 
lower lateral margin. The right lung was bound to the parietal pleura anteriorly 
and inferiorly by fibrous adhesions and showed an easily visible scar at the apex. 
There were interlobar adhesions, and near the periphery of the middle lobe 
anteriorly was a nodule, 1 cm. in diameter, like those on the left. Two similar 
nodules, 1.5 cm. in diameter, were present anteriorly and posteriorly in the lower 
portion of the lower lobe. All of the nodules had sharply defined dense fibrous 
capsules, 1 to 2 mm. thick, and a central portion composed of dr}’ white opaque 
grumous material, partially calcified (fig. 4). They were similar to the lesions 
described in the previous cases. There was no enlargement of the hilar lymph 
nodes. The mesentery contained a calcified mass, 1.5 by 0.8 by 0.8 cm., which 
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was found on routine examination. Although the lesion described was completely 
arrested, one could not consider it healed, since numerous intact spherules were 
present. Presumably the calcified spherules were dead before the death of the 
patient, but many spherules deviated in appearance from those in fresh lesions 
only b}-^ the accumulation of an irregular thin homogeneous stainable layer on 
the surface of the capsule. 

Case 3.— A Greek insurance broker aged S3 years gave no history of residence 
in the San Joaquin Valley and remembered no serious illness prior to the onset of 
heart failure seventeen months before death. Roentgen examination of the chest 
was not made. 

Autopsy, performed four hours after death, gave the following anatomic diag- 
nosis : generalized arteriosclerosis, with hypertrophy of the heart and scars in the 
heart muscle; chronic passive hyperemia of the viscera; anasarca; chronic chole- 
cystitis with calculi in the gallbladder; scar at the apex of the lung; arrested 
coccidioidal granuloma of a mediastinal lymph node. 

The lungs showed no lesions aside from peripheral collapse and hyperemia, 
with a small superficial scar at the apex of the right lung, where there were a 
few fibrous pleural adhesions. The hilar b'mph nodes were small and black, 
except for one which measured 2 by 1 by 1 cm., behind and to the right of the 
trachea, near its bifurcation. This node contained an irregular white caseous 
mass, about 7 mm. in greatest diameter, with a peripheral firm calcified portion 
and a thin but dense fibrous capsule. 

Histologic study of this lesion showed a granular structure of the caseous 
material, in which were many slender fusiform clefts. Here and in many places 
within the inner portion of the fibrous capsule were many spherules with double- 
contoured refractile capsules, from ' 10 to 30 microns in diameter. In some the 
outer surface of the capsule was slightly ragged and irregular. Many capsules 
were empty, but others contained poorlj' defined refractile granular material, and 
some were calcified, showing a deep blue staining reaction with hematoxylin and 
lacking visible detail in their inner structure. No small endospores were found, 
but in two places spherules buried in the capsule enclosed daughter spherules 
up to 10 microns in diameter. The fibrous capsule was extensively hyalinized in 
its inner portion. In one place it had a nodular appearance, as if formed by 
fusion of several masses, but no cellular tubercles were present. Aside from a 
few scattered lymphocytes, the capsule contained few cells. It was sharply 
demarcated from the remaining lymphoid tissue. 

Comment. — Presumably the portal of entr}' of the fungus was the lung, though 
no lesion was found except the apical scar, which was considered so character- 
istic of a tuberculous scar that no material was saved for histologic study. It did 
not grossly resemble any of the arrested lesions found in the other cases reported 
here. Conceivably, the pulmonary lesion was completely healed or had been 
reduced to such insignificant proportions that it was overlooked. Also, the possi- 
bility cannot be ruled out that the organism passed through the lung without 
producing a lesion. In any event, the lesion of the lymph node was completely 
arrested, as determined by its histologic structure, but, as in cases 1 and . t le 
lesions cannot be considered healed. 

Case 4.— A 60 year old Yugoslavian farm hand came to California in 1917 
and was employed on a hopper machine in the San Joaquin Vallej. oon 
noticed on the dorsum of his right wrist. an eczematous lesion. This became 
ulcerated and persisted until his death, fifteen years later, though durin- 
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intervening years it had undergone stages of partial healing and exacerbation. 
On several occasions during the early course of this lesion cultures from it showed 
growth of Coccidioides immitis. The patient had no pulmonary symptoms except 
those associated with heart failure during the last two years of his life. How- 
e^er, a roentgenogram of his chest made two years before death showed several 
"round calcified areas of density the size of marbles” in both lower lung fields, 
with moderate increase in the hilar markings (fig. 3). 

Autopsy was performed two days after death. The anatomic diagnosis was; 
generalized arteriosclerosis with hypertrophy of the heart and scars in the heart 
muscle; thrombosis of the renal artery with infarction of the kidney; arrested 
tuberculosis of a mesenteric lymph node; scars at the apexes of both lungs; 
arrested coccidioidal granuloma of the skin of the wrist and of the lungs. 

The lesion of the wrist consisted of an irregular zone of thin, slightly uneven 
skin, pigmented light brown, about 3 cm. in diameter, the center of which was 
covered by a small crust. No pus was present, and no material was removed 
for histologic study. There were a few firm localized adhesions partly obliterat- 



Fig. 3. — Roentgenogram of the chest (case 4) taken two years before death. 
There are well circumscribed areas of density in the lower portions of both lung 
fields. 


ing the left pleural cavity posteriorly and covering a calcified subpleural nodule, 
about 1 cm. in diameter, near the upper margin of the lower lobe of the left lung 
posteriorly. There w'as a similar large node, measuring 3 by 2.5 by 2.5 cm,, in 
the tissue of the same lower lobe anteriorly near the inferior margin, and tw'O 
smaller, pea-sized nodules were found in the periphery of the upper lobe near its 
lower lateral margin. The right lung was bound to the parietal pleura anteriorly 
and inferiorly by fibrous adhesions and showed an easily visible scar at the apex. 
There were interlobar adhesions, and near the periphery of the middle lobe 
anteriorly was a nodule, 1 cm. in diameter, like those on the left. Two similar 
nodules, 1.5 cm. in diameter, were present anteriorly and posteriorly in the loAver 
portion of the lower lobe. All of the nodules had sharply defined dense fibrous 
capsules, 1 to 2 mm. thick, and a central portion composed of dry white opaque 
grumous material, partially calcified (fig. 4). They were similar to the lesions 
described in the previous cases. There was no enlargement of the hilar lymph 
nodes. The mesentery contained a calcified mass, 1.5 by 0.8 by 0.8 cm., which 


724 


ARCHIVES OF PATHOLOGY 


on histologic examination showed extensive caseation of the central portion and 
beginning ossification at the periphery, but no demonstrable bacteria or fungi. 

Histologically the lesions in the lungs were sharply separated from the adja- 
cent normal-appearing tissue by a dense fibrous tissue wall; the inner portion 
was extensively h 3 'alinized. One of the lesions showed remnants of several fused 
smaller nodules. The central portions were made up of granular and amorphous 
material, stained extensivel}' with hematox}din and containing many slender clefts. 
There were a few free spherules with double-contoured refractile eapsules, from 
15 to 30 microns in diameter. Some were calcified and stained deep blue with 
hematoxjdin, some were empty, and some contained poorly defined granular 
material. Several contained typical endospores of the fungus coccidioides. Cultures 
of material from the pulmonary' lesions on Sabouraud’s dextrose agar showed 
growth of mycelia identified as Coccidioides immitis. The fibrous capsule was 
infiltrated by a few lymphoid cells, but there were no tubercles or other evidence of 
active extension of the fungus infection. Occasional spherules were embedded in 
the hyaline portion of the fibrous capsule, but there was no local inflammatory 
reaction, and such organisms showed no endosporulation. Several peribronchial 



Fig. 4. — Section through a partially calcified caseous arrested coccidioidal 
granuloma of the lung (case 4). 

l 3 'mph nodes were slightl 3 ' enlarged, but no coccidioidal lesions were found. The 
calcified lesion in the mesentery, though structurally resembling the nodules in 
the lungs, contained no demonstrable organisms, so it was considered as probabb’’ 
the result of a primary tuberculous infection. 

Comment. — Death was apparentb' due to circulator 3 '^ failure and certainly was 
unrelated to the lesions produced b 3 '^ the fungus coccidioides. The relation between 
the lesion of the skin and those in the lungs cannot be decided with certai^t 3 ^ It is 
tempting to consider the cutaneous lesion as a primary focus from which organ- 
isms reached the lung by the blood stream or b3'’ lymphatic channels, but there 
was no history of an injury to the skin preceding the development of the 
lesion, and no evidence was found at any time to indicate disease of the axillary 
lymph nodes. Furthermore, similar lesions of the lungs were found in the pre- 
ceding cases without any associated cutaneous lesions. We believe that secondary 
infection of the skin from a primary lesion of the lung is a likely possibility, 
though it is possible that a primar 3 ' lesion of the skin had always remained 
localized, and the pulmonar 3 ’^ process resulted from a separate infection of the 
respirator 3 f tract. Regardless of the sequence of events in this case, it is prob- 
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able that the lesions in the lungs represented an infection of many years’ duration, 
perhaps as long as fifteen years, the known duration of the cutaneous lesion. It 
is especially notable that cultures showed living organisms in this patient who 
had carried localized coccidioidal lesions for fifteen years. 


EXPERIMENTAL OBSERVATIONS 

In view of the obviously an'cstcd nature of the lesions described, 
experiments were planned with a view to producing arrested lesions in 
animals. It was not our purpose to reproduce the human disease in all 
details or to evaluate the influence of immunity and allergy in the 
animals, though further studies are in progress in this direction. 

Almost all experimental work heretofore reported in the litera- 
ture, as well as that previously carried out in this institution, has been 
done by inoculating animals with quantities of material which were not 
accurately standardized, such as suspensions of material obtained from 
cultures. The lack of readily measurable units because of the presence 
of both mycelial filaments and chlamydospores makes accurate calibra- 
tion of the inoculation difficult. Material obtained from pus from 
animal lesions offers a simpler means of estimation and calibration of 
the amount of infectious material to be inoculated. Here, owing to the 
occurrence of the organisms as spherules, it is possible to count directly 
the units in a given sample of pus and thus calculate the approximate 
number to be injected into a test animal. 

In our experiments material for inoculation was obtained from 
testicular lesions in guinea pigs, each of which had been infected 
intratesticularly with 0.25 cc. of a saline suspension of a virulent culture 
of the fungus coccidioides (S. F. S. no. 46) grown on Sabouraud’s 
medium. To estimate the concentration of spherules, a sample of diluted 
pus was filtered through sterile cotton and mixed with an equal volume 
of 10 per cent sodium hydroxide solution to dissolve debris, and the 
spherules in this cleared solution were counted in an ordinary blood 
counting chamber. « Recently we have found that partial separation of 
the spherules from the other elements of pus can be obtained by cen- 
trifugating the diluted pus. The spherules accumulate at the bottom of 
the sediment in the centrifuge tube. 

There are, of course, errors involved in such calibration of a sus- 
pension of spherules. Some spherules may be dead, and variations in 
the number of free endospores cannot be detected by counting spherules. 
However, our experience has shown such factors to be reasonably 
constant in different samples of the same pus and in pus from different 
animals, so that estimations of the number of growing units are all of 
the same order of magnitude. 

Injection of the organisms into the venous circulation of young adult 
white rats was preferred to administration by surface application or 
inhalation, as it was felt that the number of spherules reaching the 
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tissues could be most accurately estimated in this way. Although the 
analogy to the arrested lesions in the cases observed in man is not exact, 
the lungs were predominantly affected in both man and animal, and in 
the experiments an advantage was gained by knowing that all injected 
organisms reached the tissues. The injections were made into the right 
side of the heart or into the jugular vein. Most of the animals were 
anesthetized for the injection with ether, though others were anes- 
thetized by intraperitoneal injection of pentobarbital sodium. No differ- 
ence in the development of lesions could be detected in these two groups 
of animals, so it has been assumed that a short exposure of the tissues 
to ether during narcosis does not affect the development of the fungus 
coccidioides within them. Further work has shown that rats differ very 
little in susceptibility from guinea pigs, which are well known to be 
highly susceptible to infection with this fungus. 


Effect of Intravenous Inoculation of Spherules of Coccidioides 


Spherules Injected 

Animals 

Average 
Duration of 
Life, Days 

Loss of Weight 

30,000 or more 

6 

0 

Rapid 

20,000 

i 

13 

Rapid 

10,000 

2 

■iS 

Slow, continuous 

5,000 


* 

Slight, transient 

2,500 

4 

« 

Slight, transient 

1,000 

5 

« 

Slight, transient 

750 or less 


« 

Slight, transient 


* After a few days the animals appeared normal and gained weight steadily. They died of 
causes unrelated to the granulomatous lesions, which were arrested. One exception is discussed 
in the text. 


To determine approximately the susceptibility of the rats, calibrated 
suspensions of organisms were injected into 43 animals in the manner 
described. The inoculums ranged from 100 to 150,000 spherules. 
As is apparent from the accompanying table, the minimum fatal 
inoculum was 10,000 spherules. The lungs of animals receiving fatal 
inoculums uniformly showed extensive coccidioidal granuloma. One 
animal which had received 1,000 spherules lost weight and died three 
weeks after infection. Its lungs showed widespread coccidioidal lesions. 
This was the only animal of those receiving 5,000 spherules or less 
whose death could be attributed to coccidioidal granuloma. Three 
animals which had received small inoculums died within two months of 
secondaiy infections, but in these the coccidioidal lesions were not 
extensive. With exclusion of these 4 animals, 21 rats which received 
1,000 spherules or less survived periods averaging four hundred and 
thirty-nine days per rat, with no significant difference related to the 
dose. One rat became pregnant and produced a normal litter without 
showing any evidence of disease. 
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Granulomatous lesions containing spherules of the fungus coccidioi- 
des were found in all of the 21 animals but 2. One of these, which had 
received 500 spherules and died after two hundred and forty days, was 
not examined post mortem. The other showed no granulomatous lesions 
on careful gross and histologic study of the organs three months after 
injection of 100 spherules. The lungs of the other 19 animals all showed 
irregular yellowish to white opaque nodules from 1 to 3 mm. in diameter 
(fig. 4). These were most numerous at the pleural surface and were 
readily visible before the lungs were sectioned, but, in spite of this rela- 
tion to the pleura, in only a few instances were there any pleural adhe- 
sions. The mediastinal lymph nodes were enlarged in most animals, 
and a few contained grossly visible, poorly defined small white opaque 
nodules. 

Accurate counts of the number of lesions found in the lungs of 
the different animals were not made, since some of the lesions were 
confluent and there was sometimes difficulty in distinguishing grossly 
between specific granulomatous nodules and small scars or abscesses in 
the lungs due to other causes. It was noted, however, that there was 
a correlation between the number of spherules injected and the number 
of lesions produced, though the number of lesions was always smaller 
than the estimated number of spherules. In some instances not more 
than 10 per cent of the estimated spherules w^ere represented by nodules 
in the lungs. 

In order to study the evolution of the fibrous nodules without intro- 
duction of differences in size of the inoculums as a confusing factor, 
a second group of 33 rats was inoculated in the manner already 
described. Each animal received 200 spherules by right-sided intra- 
cardiac injection. Twelve animals were put to death during the first 
four months. Eighteen were examined post mortem at approximatcl}’^ 
monthly intervals during the succeeding fourteen months. Three were 
studied at nineteen, twenty-two and twenty-nine months, respectively. 
Eight of the animals died of secondary infections during the period of 
observation, but, although the appearance of the lungs was frequently 
altered by pneumonia, the structure of the granulomatous lesions was 
not appreciably different from that in the animals which were put to 
death. 

Two animals, which lived for one and seven months, respectively, 
after inoculation, showed no gross or microscopic lesions in the lungs, 
mediastinal lymph nodes, spleen, kidneys, liver, heart or testis. The 
reason for the failure of the organisms to proliferate is not known. 
Thirty-one of the animals showed lesions in the lungs grossl}^ like those 
described in the previous series, though there was quite striking varia- 
tion in the number of gross lesions in different rats. This was unrelated 
to the time following inoculation. Presumably it was a manifestation 
of varying degrees of resistance in different animals. 



728 


ARCHIVES OF PATHOLOGY 


Nature of the Lesions . — Within two weeks after inoculation, nodular 
lesions from 1 to 2 mm. in diameter had developed in the lungs, due 
to the accumulation of masses of epithelioid cells, among which were 
a few giant cells of the Langhans type. These nodules were irregular 
in contour, owing to conglomeration of smaller cellular tubercles. In 
the larger lesions caseous necrosis of the central part had occurred, and 
the necrotic areas contained disintegrating polymorphonuclear leuko- 
cytes and nuclear debris. A broad zone of lymphocyte and macrophage 
infiltration containing scattered eosinophilic leukocytes surrounded the 
epithelioid cell masses at this stage. Spherules of the fungus coccidioides 
in all stages of development were abundant not only in the central 
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Fig. 5. — Lungs of an adult white rat fourteen months after intravenous inocu- 
lation of 1,000 spherules of the fungus coccidioides. 

portions of these lesions but also among the epithelioid cells throughout 
all portions of the tubercles and within giant cells. 

In animals killed a longer time after inoculation the conglomerate 
nature of the nodules was more marked, suggesting that spread of the 
lesions had continued after the first two weeks. At two months sig- 
nificant amounts of collagen could be seen among the epithelioid cells 
in the tubercles, which had become distinctly less cellular. Abundant 
lymphoid cells were still grouped peripherally about the nodules, and 
spherules of the fungus coccidioides were scattered throughout all parts 
of the tubercles (fig. 5). 
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acteristic of the spherules in the old lesions, and one which was also 
present in the human cases, was a thickening of the capsule, the outer 
surface of which frequently had an irregular, ragged appearance due to 
a layer of slightly eosinophilic material unlike the retractile substance 
forming the inner portion of the capsule. 

The oldest lesions were distinctly larger than those a few months old, 
and they showed the most extensive conglomeration of small noncaseous 
tubercles, as well as the least caseation. In many the peripheral tubercles 
in a conglomerate nodule were obviously more cellular than those more 



Fig. 7. — Experimental coccidioidal granuloma twenty-two months old in the 
lung of a rat. The lesion is composed large!}' of hj’alinized fibrous tissue and 
shows little evidence of inflammation, but spherules of the fungus are abundant. 
Hematoxylin-eosin ; X 57. 

centrally placed, and it was noted occasionally even in the oldest lesions 
that a few spherules existed in tissue completely outside the fibrous 
nodules. Such spherules were enclosed by giant cells. This indicates 
that even though the infection is controlled, a limited spread of the 
organisms may occur. Since the lesions in animals dying of pneumonia 
or some other complication were not appreciably different from those 
in animals which were put to death, such spread cannot be considered 
a flare-up during a secondary infection. 
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One of these concerned an animal which died with extensive broncho- 
pneumonia seven months after inoculation of 200 spherules. Histo- 
logic study of the lungs from this animal showed that the lesion which 
had been cultured was a pyogenic abscess with a fibrous wall, while 
lesions due to the fungus were quite small and may not have been 
included in the material cultured. The second negative culture was 
obtained from an animal which had been killed two months after inocula- 
tion. No explanation can be given for the failure of the organisms to 
grow. It can be seen that with two possible exceptions all of the animals 
harbored viable fungi and that living organisms remained in the lesions 
for as long as two and a half years. This again emphasizes the fact 
that although the lesions were arrested, they cannot be considered to 
have healed. 

GENERAL COMMENT 

In the 4 cases of arrested coccidioidal granuloma in man which are 
reported in this paper there was no characteristic position of the, lesions 
in the lungs. The}'' occurred as frequently in the upper as in the lower 
lobes. Each was near the peri23hery of the lung, but all did not lie 
immediately beneath the pleura. Definite involvement of lymph nodes 
was demonstrable only in case 3, in which the only lesion found was in 
a large lymph node at the hilus of the lung. It is possible, however, that 
one or more of the nodules in case 4 represented completely destroyed 
lymph nodes in the lung substance. The lesions uniformly consisted 
of relatively large central masses, of partiall}' calcified caseous material 
with surrounding sharply outlined capsules of dense hyalinized connec- 
tive tissue. In 2 cases small fibrous tubercles were present in the 
capsules, and most of the lesions were lobulated, suggesting that they 
had been formed as conglomerate nodules. It is possible that smaller 
lesions with less iwominent central caseous areas may result from arrest 
or healing of coccidioidal granuloma. Such lesions may be easily missed 
at autopsy, since they cannot be distinguished grossly from arrested or 
healed lesions of tuberculosis. 

Specific organisms were cultured in only a single case of the series 
in man, but in the others the presence of numei’ous characteristic 
spherules in histologic sections permits only the diagnosis of coccidioidal 
granuloma. Although some of the spherules were calcified and others 
showed no internal structure, in every lesion there were spherules 
resembling those seen in actively progressive coccidioidal granuloma, and 
in each case a few spherules contained endospores. This strongly sug- 
gests that viable organisms were present, as was proved in case 4 by 
culture and by animal inoculation. Whether spread of the fungus 
occurs from such arrested lesions cannot be decided from our human 
material, but evidence that the organisms readily enter lymphatic A'essels 
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is afforded by our experimentally inoculated animals, more than 90 per 
cent of which showed secondary infection of mediastinal lymph nodes. 
It is probable that caseous lesions arc sometimes sources of massive 
infection of the blood stream, as has been demonstrated in cases of 
tuberculosis. It is our opinion that the arrested lesions, whether in the 
lungs or in the lymph nodes, constitute potential sources of widespread 
infection. 

The influence of allergy and immunity in the formation of arrested 
lesions cannot be deduced from the appearance of the lesions in our 
eases, nor can it be stated with certainty whether these lesions repre- 
sented primary or secondary infections. In a number of respects they 
resembled the reaction of the tissues to a primary tuberculous infection : 
The pulmonary lesions were localized; they were situated peripherally in 
the lungs, without constant relationship to the apexes ; caseation of the 
lesions in lymph nodes was prominent in 1 ease, and all lesions showed 
extensive central caseation with calcification. The hematogenous route 
of infection of the lungs cannot be assumed for most cases in man, 
though the history of case 4 suggests that the infection of the lung may 
have been hematogenous. 

The arrested lesions produced b}^ intravenous inoculation of rats 
with small numbers of spherules of the fungus coccidioides were 
comparable to the lesions found in man so far as they were localized pul- 
monary lesions which contained viable fungi and were associated with 
similar lesions in the regional lymph nodes. The formation of conglom- 
erate nodules was much more prominent in the lungs of the rats, 
whereas caseation in old lesions was less extensive in the rats than 
ill man. However, the experimental lesions of long duration had strik- 
ing basic similarities to the lesions in human lungs. 

Although no evidence was obtained that the number of spherules 
in a minimum fatal inoculum differed widel}'^ in different animals, there 
was a definite indication of difference in response of individual rats 
to a small inoculum of 200 spherules. A similar individual variation in 
response to infection in man may reasonably be expected. 

. SUMMARY 

Four cases of completely arrested coccidioidal granuloma of the 
lungs or of the bronchial lymph nodes in man are reported. In none 
of these were the granulomatous lesions a factor in the cause of death. 

Similar arrested lesions could be produced at will by injecting small 
numbers of spherules of a virulent strain of the fungus coccidioides 
intravenously into white rats or guinea pigs. The minimum fatal 
inoculum for rats inoculated in this way was approximately 10,000 
spherules. 
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In neai'ly all the arrested experimental lesions organisms remained 
viable for periods up to two and a half years. In a human case organ- 
isms were cultured fifteen years after they had been first demonstrated. 

It is concluded that instances of arrested coccidioidal granuloma are 
more frequent than has heretofore been realized, that they probably out- 
number the fatal cases of this disease and that they are not restricted 
to the region of the San Joaquin Vallejo Calif. The relationship of 
arrested coccidioidal granuloma to the benign clinical disease known as 
“valley fever” is as yet unknown. Although the lesions present a 
histologic picture of inactivity, the}’- may contain viable fungi for many 
years and constitute a possible source of dissemination. 



Case Reports 


diverticula of the vermiform appendix asso- 
ciated WITH AN OVERGROWTH OF NERVE 
TISSUE AND A PARTIAL MUCOCELE 

Jacob R. Dordick, ^I.D., New York 

One finds verv few cases of diverticula of the vermiform appendix 
recorded in the literature up to 1907.* This is not astonishing because 
at or about this time the clinical and pathologic concepts of appendicitis 
were first being molded."' Since then, several excellent reviews have 
been presented.^ The authors of these reviews, utilizing for the most 
part surgical material, collected 86 instances. To date, a total of 126 
cases have been recorded.’ This probably does not represent all the 
cases, since many may not have been reported. 

The case reported now warrants presentation because of the large 
number of closdy placed diverticula, the unusual overgrowth of nerve 
tissue and the partial mucocele. I have been unable to find any record 
of a similar one in the literature. 


From the Department of Patholog}’, Beth Israel Hospital. 

1. The tenn “diverticula” is used here for convenience sake, without regard 
to completeness or incompleteness of tire layers forming the wall. 

2. Isabelle Herb was able at tliat time to collect 23 instances from the literature 
(Tr. Chicago Path. Soc. 7:94, 1907). 

3. Kelly, H. A., and Hurdon, E. ; The Vermiform Appendix and Its Dis- 
eases, Philadelphia, W. B. Saunders & Company, 1905. Murphy, J. B.: J. A. 
M. A. 22:302, 1S94. 

4. (a) ^.IcCarty, W. C, and lUcGrath, B. F.; Surg., Gynec. & Obst. 12: 

211, 1911. (h) Mosclicowitz, E. : Ann. Surg. 63:697, 1916. (c) Stout, A. P. : 

Ardi Surg. 6:793, 1923. (d) Mulsow, F. W. : ibid. 21:923, 1932. (c) Edwards, 
H. C. : Brit. J. Surg. 22:88, 1934. (/) Sauer, P. K. : Am. J. Surg. 10:564, 
1930. (p) Collins, D. C.: Ann. Surg. 101:1001, 1936. 

5. (a) Seelig, M. G. : Ann. Surg. 41:78, 1906. (6) Schweizer, R. : Vir- 
chows Arch. f. path. Anat. 185:278, 1906. (c) Konjetzny, G. E. : I^Iunchen. 

med. Wcimschr. 56:2251, 1909. (d) Simon. W. V,: Berl. klin. Wchnschr. IS; 
1501, 1911. (c) Krabbel, M.: Beitr. z. klin. Chir. 80:121, 1912. (J) Wilkie, 

0. P. D.: Brit. J. Surg. 8:392, 1921. (p) Lohr, W. ; Deutsche Ztschr. f. 

Chir. 171:30, 1922. (/i) Chase, W. H.: Canad. M. A. J. 17:416, 1927. (i) 

Gordham, A. J.; Choyce, C. C., and Randall, M. ; Brit. J. Surg. 16:62, 1928. 

(/) Pack, G. T., and Scliarnagel, I.: Am. J. Surg. 58:369, 1928. (k) Walmsley, 
T.: J. Anat. 64:47, 1929. (1) Stewart, J. D.: New England J. Med. 203:1288, 
1930. (m) Kline, L. B.: Mil. Surgeon 77:275, 1935. 
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REPORT OF CASE 

A 29 year old white woman, married and a housewife, had always been in 
perfect health until eight months prior to operation, when intermittent cramp- 
like pains in the lower quadrant of the abdomen set in. There were no other 
symptoms. The menstrual history was not unusual. There was no fever at any 
time. The results of the physical examination were entirely negative except that 
some tenderness was found in the right lower quadrant of the abdomen. 

After consultation with several physicians, Dr. I. W. Held advised an appendec- 
tom.v. The patient was operated on Dec. 5, 1932. The postoperative course was 
uneventful. She has remained in good health to the present time, five years after 
operation. 

Gross Description of Specimen. — The specimen was an appendi.x, approxi- 
mately 9 cm. long. In the proximal half, it was normal in thickness. The tip 
was slightly club shaped and measured 2.1 cm. across. The fat tissue of the 
mesentery was adherent to the appendix and appeared normal. In the distal half, 
eight irregularly round and ovoid protrusions were seen in the serosa (fig. lA). 
Five were situated close to each other, opposite or nearly opposite the attachment 
of the mesentery; the remainder appeared on the mesenteric border. The largest 
protrusion, which was cystic, measured 7 by 3 by 3 mm. Several of the smaller 
protrusions were opaque. There was no evidence of acute inflammation. 

A longitudinal section of the appendix showed that tiie cavity of the afore- 
mentioned larger protrusion was in direct continuity with the lumen of the appendix 
(fig. lA). This section, although passing nearly e.xactly through the middle, 
did not open a continuous lumen. In the 2 cm. near the tip, three small, irregularly 
round cavities were seen, one being continuous with the lumen of the larger cystic 
protrusion mentioned. It contained glassy mucoid material. These lesions corre- 
sponded to the protrusions found on the antimescnteric border of the appendix. 

The three protrusions on the mesenteric border of the appendix, on closer 
outside examination, already were recognized as fat lobules. On the cut surface, 
they roughl}^ overlay three solid polypoid herniations, 3.5 mm. apart and approxi- 
mately 2 mm. in diameter. On this longitudinally bisected specimen the muscle 
coat was about 2 mm. thick and glassj' gray. On the side of the solid protrusions, 
the cut edge was represented by partly round, partly elliptic markings separated 
from each other by strands of opaque grayish-white tissue. These strands con- 
tinued in the direction of the mesentery, thus forming the solid polypoid herniations 
described. On the opposite side, the muscle coat was thicker and interrupted by 
two wide gaps, corresponding to the cystic protrusions (fig. 1J5). 

Microscopic Description. — The microscopic picture was as unusual as the gross. 
The larger cavity situated in one of the protrusions was a mucocele, the tip of 
which was separated from the serosa of the appendix by only a thin layer of 
fibrosed submucosa. It contained much partly laminated mucoid material (the 
mucicarmine stain was positive). 

The lumen of the appendix was narrow. The mucosa, as far as it was pre- 
served, was not unusual. There were a moderate number of long and many 
more short glands. Goblet cells, for the most part, were few. Except for a 
sparsity of lymphocytes, the cellular pattern of the mucosa was not remarkable. 
The lymphatic follicles were few and small but otherwise normal. 

The submucosa was thicker than normal, was rather densely fibrous and con- 
tained much more nerve tissue than one would expect. 

The muscle coat was 'not continuous. It was separated into segments by the 
submucosal tissue, which protruded through wide gaps. Between the gaps, both 
muscular layers were seen. The round protruding masses of submucosal tissue 



DORDICK-DlJllRTICUL.l OF I'ERMIFORM JPPEXDIX 737 


directly bordered on the serosa Occasionally thin remnants of muscle tissue 
(%isib\e only on higher magnification'! were stretched over the coinexity of the 
dnerticula (fig. 2). The elastic tissue was preser\cd The subserosa and serosa 
were not unusual. 



Fig. 1. — A, the exterior surface and a longitudinal section of the appendix, 
showing different tjpes of protrusions and their relationship to the mesentery. 
B, the long section under rery low magnification. In the central upper portion, 
the muscle coat appears unbroken. To the right and left, diverticula are seen. 
Their mucosal lining cannot be recognized at this magnification In the low^er 
portion, the muscle coat is broken up. Dense masses of submucosa reach through 
tvide gaps in the muscle and spread in pohpoid fashion The} are surrounded 
by fat tissue. At the right lower corner, the section has gone obliquely through 
the narrow' pedicle of one protrusion. 
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The solid protrusions consisted cssentiallj^ of submucosal connective tissue 
with many blood vessels and an enormous amount of nerve tissue (fig. 2). The 
nerve tissue predominated to such an extent that in the sections stained by Van 
Gieson’s method it could be seen with the naked eye. There was no overgrowth 
of ganglion cells. 

The inside of each cystic protrusion was mostly lined by a single layer of 
columnar cuboidal or flattened epithelial cells, under which some traces of lymphoid 
tissue were found. In the mucocelc-likc portion, no mucosa was seen. The 
mucus had separated the innermost layers of tlie surrounding wall. 

i 



Fig. 2. — High magnification of a solid protrusion, showing the presence of 
neuromas and diffuse h 3 'perplasia of nerve tissue. Thin remnants of muscle sur- 
round the diverticulum. Note the overgrowth of nerve tissue in the vascular 
connective tissue of the submucosa. 


COMMENT 

Although new interest in this lesion has recently appeared, diver- 
ticula of the vermiform appendix probably occur more commonly than 
one would judge from the available reports.®^ No doubt many more 
cases would be recognized were a longitudinal section of the appendix. 
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passing through the mesenteric border,® or many cross sections examined. 
Another factor responsible for the low reported incidence is the failure 
of this condition to produce clinical sjnnptoms. 

Yet one should not minimize the complications that may ensue. 
When acute inflammation of the appendix sets in, rapid perforation of 
the thin-walled diverticula may occur after only a few hours of vague 
abdominal symptoms.^" A review of the surgical literature gives per- 
centages from 39 to 100 for the occurrence of acute inflammation 
in appendixes that are the seat of diverticula. These figures, no doubt, 
would be much lower were the appendixes in which diverticula were 
found accidentally at autopsy included in these statistics. When the 
diverticula are associated with mucocele, as in the present case, per- 
foration with the development of pseudomyxoma peritonei is not an 
unusual finding.®^ Diverticula of the Amrmiform appendix occasionally 
have perforated into other viscera, with the formation of fecal fistulas.'*'* 

The theories regarding the genesis of the multiple diveiliculum are 
almost as numerous as the observers reviewing the subject. ^Veakness 
of the muscular wall, either congenital or acquired, plus increased 
internal pressure, was mentioned at one time as the causative factor." 
klertens ® observed that diverticula pass through arterial gaps in the 
muscular wall of the appendix. Aschoft ® and later Chase held that 
the loss of fat and fibrous tissue about these vascular gaps could cause 
definite weakness at a point later the site of a diverticulum. Mulsow 
maintained that continuous traction from without, as by adhesions, may 
ultimatel}- produce diverticula. 

The role of antecedent inflammation in the genesis of diverticula 
has been emphasized by many observers.*® Some maintain that it is 
the sole etiologic agent.** While one cannot deny that a preceding 
intramural abscess with destruction of the muscularis, followed by healing 
and cicatrization, ma}^ leave a locus minoris resistentiae at which 
herniation of the submucosa may occur, one is not justified in assuming 
that it is the only underlying factor. For surely, in many of these 
appendixes, even a careful study fails to reveal recent or old inflamma- 
tion. In the case reported here and in 6 others collected over nine years 
at the Beth Israel Hospital, no inflammation was found. The lumen of 
the appendix in the specimen described in this report was uniformly 
narrow, but no local point of obstruction was encountered. 

6 Moschcowitz.'*'^ Stout.^c 

7. Heschl: Wien. med. Wchnschr. 30:540, 1880. Beer, E. H. : Am. J. M. 
Sc. 128:135, 1904. 

8. Mertens, H. ; Mitt. a. d. Grenzgeb. d. Med. u. Chir. 9:743, 1902. 

9. Aschoff, L. ; Spezielle pathologische Anatomic, in Pathologische Anatomic : 
Ein Lehrbuch fur Studierende und Aerzte, ed. 3, Jena, Gustav Fischer, 1913, vol. 
2, p. 824. 

10. Moschcowitz.^'^ Edwards.*'^ Sauer.'^f Collins.‘*s 

11. Mundt, T. : Ueber 'Veranderungen der Muskehvand des Wurmfortsatzes, 
in Pathologische-anatomische Arbeiten: Herren Geh. Medicinalrath Dr. Johannes 
Orth zur Feier seines 25jahrigen Professor-Jubilaums, Berlin, A. Hirschwald, 
1903, pp. 463-470. Moiroud, P., and Imbert, R. ; Bull, et mem. Soc. nat. de chir. 
58:732, 1932. Moschcowitz.^^ Edwards.^® 
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Christeller subdivided diverticula of the appendix into two cate- 
gories, namel}^ those at sites of previous inflammation and not caused 
by mechanical factors, such as narrowing of the lumen and increase 
of internal pressure, and those caused by mechanical factors such as 
those mentioned. In the latter group, the narrowing ma}’' be due to 
postinflammator}^ scarring or to a noninflammatory process. The case 
I have reported would fit into the latter classification, the narrowing 
being unrelated to any inflammator}’- changes. 

Stout suggested that the contractions of the circular and longi- 
tudinal muscle coats are the chief active factors in driving mucosa 
and submucosa through a weakened point in the muscularis. In a 
series of controlled experiments on the dog’s appendix he found that 
operative muscular defects resulted immediately in protrusion of mucosa 
and submucosa. This was accompanied by active contractions of the 
circular and longitudinal muscles. When the muscles had lost their 
contractility, no protrusions occurred provided the lumen remained 
patent. The experimental defects were much larger than the correspond- 
ing spontaneous defects in the human patient, and certainly they were 
formed much more rapidl3^ 

As previously mentioned, none of the case reports contains any 
description of the neuromatous change in the diverticula.^® Neuroma 
of the appendix is much more frequent than most physicians realize. 
In the material at the Beth Israel Hospital, every second appendix 
examined (when a sufficient number of sections is taken) shows neuroma. 
Other authors give similar, some even higher, figures. Of 344 consecu- 
tive appendixes examined by Hosoi,^'^ 195 (56.7 per cent) showed 
nerve lesions. In a similar study Simard found that neuroma occurs 
in 75.2 per cent of obliterated appendixes. Fein, Hanan and Seider 
reported 202 neuromas in a series of 600 consecutive appendixes (an 
incidence of 33 per cent). 

In view of the obscure etiologic background of both the diverticula 
and the neuroma, it is not astonishing that I am unable to explain 
their simultaneous occurrence in this specimen. As long as the problem 
of “chronic appendicitis” remains unsolved, one cannot expect to under- 
stand the possible connection between chronic inflammatory processes 
in the appendix and the occurrence of herniation through the vascular 
gaps. Moreover, none of the theories given in the literature, in my 
opinion, adequately explains the formation of diverticula of the vermi- 
form appendix. 

12. Christeller, E., in Henke, F., and Lubarsch, O. : Handbuch der speziellen 
pathologischen Anatomie und Histologic, Berlin, Julius Springer, 1929, pt. 3. 

13. A recently described case (Wunder, E. : Frankfurt. Ztschr. f. Path. 51 : 
18, 1937) bears a certain similarity to the one I have reported except for the 
fact that no neuromatous change is mentioned. It concerned a 39 year old man 
who had vague abdominal pain, tending to localize in the right lower quadrant. 
In the appendix, partly cystic, partly solid diverticula were found. 

14. Hosoi, E. : Arch. Path. 16:500, 1933. 

15. Simard, L. .C- ■’ Canad. M. A. J. 33:518, 1935. 

16. Fein, M. J. ; Hanan, J, T., and Seider, V. B. : Am. J. Surg. 40:120, 1938. 
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SUMMARY 

In the appendix of a 29 yeai* old woman who had presented vague 
abdominal symptoms, 8 partly cystic, partly solid diverticula were found. 
One of the cystic protrusions gave the picture of a partial mucocele. A 
diffuse neuromatous lesion occupied most of the submucosa in the solid 
diverticula. 

No record of a similar case could be found in the literature. 



COARCTATION OP THE AORTA OF THE ADULT TYPE. 

ASSOCIATED WITH CYSTIC DEGENERATION 
OF THE MEDIA IN THE FIRST 
PORTION OF THE ARCH 

F. F. Harrison, M.D., Cooperstown, N. Y. 

Coarctation of the aorta is not a particularly unusual congenital 
cardiovascular anomaly. According to autopsy statistics collected by 
Blackford/ it occurs once in about 1,550 cases. The present case 
seems worthy of note, however, because of the fact that during the 
patient’s lifetime it was carefully studied and reported from a physio- 
logic standpoint - and also because the microscopic observations in the 
aorta are of considerable interest. 

RliPORT OK CASE 

A medical student 27 years of age was admitted to the hospital June 11, 1935. 
Eleven years previous!}' he had been found to liave a systolic blood pressure of 
185 mm. and signs of endocarditis. The correct diagnosis, however, was not 
made until his entrance into medical school in 1931. At this time roentgen 
examination of the chest showed scalloping of the inferior borders of the ribs, 
and there were characteristic signs of coarctation of the aorta, together with an 
associated aortic insufficiency. The condition was then well compensated. Two 
years later, in collaboration with Grollman ~ he published a study of his own 
cardiac output. The final illness began with an infection of the upper part of the 
respirator}' tract three weeks before admission. An exacerbation of this infection 
four days before admission iniatited a rapid break in cardiac compensation. 

The temperature was 102 F. ; the pulse rate, 120 ; the respiratory rate, 24. The 
blood pressure in the right arm was 148 systolic and 70 diastolic; that in the left ■ 
arm, ISO systolic and 70 diastolic ; that in the legs, 98 systolic and 70 diastolic. 

The patient appeared desperately sick, with marked pallor, diaphoresis and 
extreme dyspnea. The heart was tremendously enlarged, with loud systolic and 
diastolic murmurs. There were dulness, increased breath sounds and moist rales at 
the base of the left lung. The laboratory findings were all essentially negative. 
A roentgenogram showed scalloping of the inferior margins of the ribs and a 
huge heart. He died in less than forty-eight hours after admission. 

Autopsy . — The panniculus was scanty; the musculature, well developed and 
deep red. The superior epigastric arteries were unusually large and apparently 
anastomosed with the internal mammary and inferior hypogastric arteries. The 
lower border of the liver lay H cm. below the xiphoid process and 5 cm. below 
the right costal margin in the nipple line. The spleen was somewhat enlarged 
but was well above the costal margin. 

From the Department of Pathology, Mary Imogene Bassett Hospital. 

1. Blackford, L. M. : Arch. Int. Med. 41:702, 1928. 

2. Grollman, A., and Ferrigan, J. P. ; Arch. Int. Med. 53:35, 1934. 
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Both lungs were collapsed and lay well back in each side of the thoracic 
cage. There was no free fluid in either pleural cavity. The pericardial cavity 
contained the usual amount of straw-colored fluid. 

The heart and the aorta weighed 932 Gin, The cpicardial surface was smooth. 
There was a fibrous tag near the apex of the heart. All four chambers of the 
heart were widely dilated and filled with clotted blood. The right and left anterior 
aortic leaflets showed some thickening and rolling downward of the free edges, 
and on the right anterior leaflet there was a small gelatinous-appearing nodule, 
possibly 1 mm. in diameter. The wall of the right ventricle measured 8 mm. in 
thickness ; that of the left, 26 mm. The right coronary artery had a double 
origin, one component of which was small. 

The circumference of the aorta was found to be as follows: 


At attachment of cusps 

6 cm. above cusps 

At innominate artery 

Between left carotid and left subclavian arteries 

Just beyond left subclavian artery 

At coarctation 

At celiac axis 

At bifurcation of aorta 


External 

Internal 



12 

cm. 

8.5 

cm. 

7 

cm. 

7 

cm. 

6.5 

cm. 

4.5 

cm. 

4 

cm. 

4 

cm. 

3.5 

cm. 

3.2 

cm. 

0 


4.5 

cm. 

3.7 

cm. 



2.0 

cm. 


The ascending part of the aortic arch was widened into an oval-shaped bulbous 
enlargement. This narrowed rapidly at a point 4 cm. above its origin, and then 
gradually until the coarctation was readied. The narrowest point of the aorta 
was about 7 mm. be 3 ’ond a nonpatent fibrous cord representing the ductus arteriosus. 

There was a slight amount of atheroma of the ascending aorta, which became 
more marked just above the coarctation. No lumen could be demonstrated at 
the point of coarctation, and just below it the atheroma was again only slight. 
The aorta beyond this point continued to be markedly narrowed as indicated in the 
measurements. 

The collateral circulation of the occluded aorta seems to have been accounted 
for largely by the internal mammary, transverse cervical and transverse scapular 
arteries. The first-named vessels were very large, the lumen before fixation being 
nearly 5 mm. in diameter. The intercostal branches from the internal mammarj' 
arteries were small down to the fifth interspace. In the fifth and sixth inter- 
spaces large branches were given off. Below this point the vessels passed into 
the substance of the rectus muscle, where an anastomosis was formed with the 
deep epigastric -artery. 

The right lung weighed 425 Gm. ; it was crepitant throughout ; the parenchyma 
was rusty brown and quite dry. 

The left lung weighed 350 Gm. Its general appearance was much like that of 
the right. The whole lower lobe felt somewhat boggy, and over the posterior 
aspect of the pleural surface a small amount of fibrin was deposited. At the 
inferior anterior border of this lung, in about the anterior axillary line, there was 
a large infarct, measuring about 8 by 6 cm. in its greatest diameters. On section 
there was a little more moisture in this lower lobe than in its fellow, but no actual 
areas of consolidation were made out. 

The spleen weighed 260 Gm. In the hilus were two accessory spleens. The 
organ presented gross evidences of chronic passive congestion. 

The liver together with the gallbladder weighed 1,925 Gm. They appeared 
grossly normal. 
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The stomach, intestines, pancreas and adrenals also appeared grossly normal. 

Each kidney weighed 175 Gm. In the midportion of the left kidney was a 
small infarct, and the capsule stripped with some difficulty. 

The pelvis, ureters and bladder presented no abnormalities. The genitalia 
appeared grossly normal. 

Blood cultures showed no growth after incubation for ten days. 

Microscopic Exavihiatioii . — The individual myocardial fibers showed marked 
hypertroph 3 \ The sections were studded with small areas in which an increase in 



Fig. 1. — Heart and aorta. 


fibrous connective tissue was apparent. This change was particularly notable in 
the immediate vicinity of the smaller branches of the coronary arteries. 

The nodule on the end of the right anterior cusp of the aortic valve was 
bordered by dense connective tissue, within which there was a zone of less dense, 
rather myxomatous-looking tissue, containing two more or less rounded masses 
of acellular material. There was no evidence of a recent inflammatory reaction, 
and no organisms could be demonstrated with bacterial stains. 

Sections through the first portion of the aorta showed well marked changes 
characteristic of atherosclerosis. A considerable amount of calcium was deposited 
in the half of the media adjacent to the intima. Deeper in the media many fibers 
appeared swollen, and often they were fragmented, with cj’^stic areas between 
them, usualf}'^ filled with mucinous-looking material. There was practically com- 
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Fig. 2 . — Aj first portion of the aorta, showing a cystic area in the outer half 
of the media. Hematoxylin-eosin stain; X 250. B, first portion of the aorta, 
showing cystic area in outer half of the media; Mallory's aniline blue stain- 
X 150. 
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plete absence of cellular reaction in these areas. With the aid of stains for 
elastic tissue one obtained the impression that one of the earlier events was swell- 
ing and dissolution of collagen fibers, the elastic fibers at first remaining intact. 
Later, as the cavity thus created grew larger, the broken ends of the elastic fibers 
protruded into it. Still later they lay as fragments in the midst of the myxomatous 
material and eventually disappeared. At several points well preserved nuclei of 
smooth muscle could be demonstrated in the substance of the pronglike projections 
into the cj-^stic cavities. 

A section of aorta taken from a point near the origin of the left subclavian 
artery showed nothing unusual other than a moderate deposition of calcium in 
the media. In a block taken 1 inch (2.5 cm.) below the point of coarctation, 
however, rather marked atheromatous intimal changes were again apparent. 

The sections of lung showed marked chronic passive congestion. One section 
taken from the infarcted area showed typical obliteration of the architecture with 
great numbers of red cells. 

Sections of the spleen showed evidences of chronic passive congestion. The 
liver showed well marked evidence of chronic passive congestion and, in addition, 
a moderate amount of fatty infiltration in the midzonal region. Only the liver 
cells immediately adjacent to the portal spaces appeared normal. The kidne 3 's 
and adrenals showed nothing unusual other than congestion. 

The thyroid gland showed a moderate increase in connective tissue stroma. 
There was no evidence of activity of the gland. 

Anatomic Diagnosis. — The following conditions were observed; coarctation of 
the aorta of the adult type, with complete atresia of the lumen ; fibrosis of the 
coronary cusps of the aortic valve, with insufficiency; cardiac hypertrophy and 
dilatation ; atheroma of the aorta ; cystic medial degeneration of the aorta ; acute 
fibrinous pleuritis ; infarct of the lower lobe of the left lung and of the left kidney; 
general chronic passive congestion of the viscera; fatty infiltration of the liver. 

COMMENT 

Aneurysm of the aorta, almost always involving the first portion, 
is not uncommonly associated Avith coarctation and is frequentl}'- the 
cause of death. The descriptions of the histologic picture in the 
aorta have been most thorough in the cases in which rupture occuri'ed. 
Bronson and Sutherland ^ reported an instance of coarctation with 
rupture of a fusiform aneurysm into the pericardium in a boy of 5. 
They described the degenerative changes as occurring predominantly 
in the outer part of the intima and the subjacent inner half of the 
media. They assumed that there had been two factors: (1) a con- 
genital defect in the Avail and (2) so-called protective sclerosis, resulting 
from the increased tension. 

Blackford ^ held that the occurrence of rupture of the aorta in some 
cases in Avhich stenosis Avas slight lends support to the idea that there 
existed in these instances an imperfect development of the wall of the 
aorta. On the other hand, the fact that in the greatest number of 
instances rupture occurred during or immediately subsequent to 
strenuous exertion tends to emphasize the factor of mechanical str^n, 

A case in which mechanical strain could not have been a factor is that 
reported by Smith and Targett.^ In this instance the aneurysmal 

3. Bronson, E., and Sutherland, G. A.; Brit. J. Child. Dis. 15:241, 1918. 

4. Smith, F. J., and Targett, J. H.: Tr. Path. Soc. London 48:53, 1896-1897. 
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opening was situated one-half inch beyond the coarctation. They 
described a thinning of the wall with a disproportionate loss of elastic 
fibers at and just above the coarctation. At the aneurysm there was 
an abrupt rupture of elastic fibers, with fraying of the broken ends. 

Medial degeneration of the type found in my case is generally 
conceded to be the most common cause of dissecting aneurysm. An 
excellent report of cases of this type was published by Tyson.® The 
report includes 5 cases. One was probably a case of aneurysm due 
to syphilis. Marked degenerative changes in the media were found 
in the ascending aorta in all 5 cases. Associated with these changes 
was marked intimal thickening of the vasa vasorum in the adventitia. 
The most detailed descriptions of nonsyidiilitic degenerative disease 
are those in the two papers published by Erdheim.® He emphasized 
the fact that in the disappearance of tissue the elastic fibrils were most 
conspicuously involved, the connective tissue less and muscle least. 
Great stress was laid on the absence of cellular exudate — a notable 
feature in my case as well. In contrast with Tyson,® Erdheim dis- 
misses the possibility that disease of the vasa vasorum is an etiologic 
factor. 

In the present instance it is quite possible that the association of 
coarctation with c)'stic degeneration of the media may have been wholly 
fortuitous. On the other hand, this association raises the question 
whether rupture of the aorta, which occurs with fair frequency in cases 
of coarctation, may not often have such a lesion as its pathologic basis. 

SUMMARY 

A case of coarctation of the aorta of the adult t3^pe is reported in 
a man who died at the age of 27 of rapidly developing cardiac failure. 
Associated with the coarctation was not only disease of the aortic 
valves but also dilatation and cystic medial degeneration of the first 
portion of the aorta. 

5. Tyson, M. D. : Am. J. Path. 7:581, 1931. 

6. Erdheim, J.; Virchows Arch. f. path. Anat. 273:454, 1929; 276:187, 1930. 



COMPLETE ANURIA DUE TO BLOCKAGE OF RENAL 
TUBULES BY PROTEIN CASTS IN A CASE 
OF MULTIPLE MYELOMA 

Russell L. Holman, M. D., Chapel Hill, N. C. 

Disturbances in renal function associated with excretion of protein 
in cases of multiple myeloma have been commented on by numerous 
observers,^ but so far as I am aware no case of complete anuria due to 
this condition has been reported. None of the standard references con- 
sulted - lists anuria as a possible complication of multiple m3'eloma. The 
case reported here is of interest because of the extreme degree of 
obstruction of the renal tubular sj'^stem by protein casts. Both the 
clinical data and the histologic appearance of the kidneys indicated that 
the precipitation of the abnormal protein occurred extensively within a 
relatively short period of time. The view expressed recently by Forbus, 
Perlzweig, Parfentjev and Burwell that the damage associated with 
excretion of Bence Jones protein is due primarily to mechanical obstruc- 
tion and not to any specific toxic effect on the tubular epithelium is 
supported by this case. 

A colored housemaid aged 43, married, entered the Presbyterian Hospital, 
New York, on May 4, 1936, complaining of pain in the right thigh of three weeks’ 
duration. The familial and past histories were irrelevant. She had not menstruated 
for seven months. For three months there had been progressively increasing 
fatigue, weakness, insomnia and anorexia, with loss of 32 pounds (14.5 Kg.) 
in weight. Three weeks before admission pain began in the region of the right 
hip and increased in severity until walking became unbearable. 

From the Department of Pathology', College of Physicians and Surgeons, 
Columbia University. 

1. (a) Decastello, A.; Ztschr. f. klin. Med. 67:319, 1909. (b) Forbus, 

W. D. ; Perlzweig, W. A.; Parfentjev, I. A., and Burwell, J. C., Jr.; Bull. Johns 
Hopkins Hosp. 57:47, 1935. (c) Groat, W. A., and Brewer, R. K.: J. Lab. 

& Clin. Med. 1:895, 1916. (d) Hopkins, F. G., and Savory, H. : J. Physiol. 

42:189, 1911. (c) Jacobson, V. C. : J. Urol. 1:167, 1917. 

2. Allbutt, T. C., and Rolleston, H. D.; System of Medicine, London, Mac- 
millan & Co., 1909. Christian, H. A., and Mackenzie, J. ; Oxford Medicine, New 
York, Oxford University Press, 1936. French, H.; Index of Differential Diag- 
nosis, Baltimore, JVilliam Wood & Company, 1935, Henke, F., and Lubarsch, O. . 
Handbuch der speziellen pathologischen Anatomic und Histologic, Berlin, Julius 
Springer, 1930. Kaufmann, E.: Pathology for Students and Practitioners, 
translated by S. P. Reimann, Philadelphia, P. Blakistons Son & Co., 1929. Osier, 
W., and McCrae, T.: Modern Medicine, New York, Lea Bros. & Co., 1907. 
Nelson Loose-Leaf Living Medicine, New York, Thomas Nelson & Sons, 1937. 
Tice, F. ; Practice of Medicine, Hagerstown, Md., W. F. Prior Company', Inc., 
1922. 
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The temperature was 99.4 R; the pulse rate 90, the respiratory rate, 18; the 
blood pressure, 102 systolic and 66 diastolic. No other abnormality was noted 
save the evidence of loss in weight and the pain on hypere.\;tension of the right 
thigh. "Ihe laboratory findings pertaining to the blood and urine are summarized 
in the table. The Wassermann reaction of the blood was negative, and gastric 
analysis gave negative results. The erythrocyte sedimentation rate was from 80 
to 164 mm. in an hour. The reticuIoc 3 'te percentage on June 9 was 1. The 
bleeding time on Jiih' 5 was 12 minutes. Roentgenograms of the gastrointestinal 
tract, made with the aid of a barium ^ulfate enema, revealed no abnormality. 
Roentgenograms of the right leg, pelvis, spine, chest and sinuses on May 5 
disclosed no lesions. 

From the time of admission the patient presented a diagnostic problem. The 
first intimation of an organic lesion appeared in a roentgenogram of the spine, 
right hip and thigh taken on June 1 ; this showed an area of diminished density 
in the neck of the right femur. Similar lesions were seen later in the tenth 
dorsal and some of the lumbar vertebrae. Cystoscopic and pj^elographic exami- 
nations on June 12 revealed no abnormalitj'. Roentgen raj’s of high voltage were 
directed to the right hip in a course of treatments started on June 16; there was 
occasional vomiting following these treatments. Oliguria occurred from July 2 
to Julj’ 14 and anuria from JuK' IS to Jul}' 23, the cause of which was never 
discovered. The patient’s bladder was catheterized on July 13, but only a few 
cubic centimeters of urine was obtained. Parenteral injections of saline and dex- 
trose solutions were started on Julj' 5, and the amounts injected were increased 
until as much as 4,350 cc. was being given on July 13. These injections were 
discontinued after July 15. With the administration of the fluids mentioned, the 
patient became edematous and — as can be seen from the table — hydremic. The 
nonprotein nitrogen of the blood increased rapidly to 167 mg. in 100 cc. The 
patient died in uremia on July 23. No definite clinical diagnosis was made; sug- 
gestions were (1) lymphoblastoma, site unknown; (2) Hodgkin’s disease, site 
unknown; (3) multiple mj'eloma. 

Necropsy was performed twent 3 ’’-two and one-half hours post mortem. The 
resultant diagnoses other than those directb" related to the kidne 3 's were: multiple 
m 3 ’eloma (plasma cell type) involving vertebrae (ninth and tenth dorsal and 
third lumbar as shown in A in figure), the sternum, the neck of the right femur 
and the left parietal pleura; secondar 3 ' m 3 'eloma in the liver; aplasia of the 
femoral bone marrow; hemosiderosis and extramedullar 3 ' erythropoiesis in the 
spleen and liver; fatty infiltration of the heart; edema of the lungs; bilateral 
hydrothorax; ascites; edema of the hands and e 3 'elids; acute and chronic cystitis; 
myomas of the uterus. 

The kidne 3 's were identical in appearance. Each weighed 180 Gm. The capsule 
stripped easily, disclosing a very pale gray surface. The cut surface was also 
pale gray. The cortex was of uniform width and measured 0.6 cm.; the cortical 
striations, though blurred, could be made out. The pyramids were sharply defined, 
and the pyramidal striations were distinct. The blood vessels appeared normal. 
The mucosa of the renal pelvis was slightly congested. The ureters were normal. 

In the bladder were only a few cubic centimeters of slightly turbid yellow urine. 

Histologic examination disclosed that all the loops of Henle, the distal con- 
voluted tubules and the collecting tubules were filled with dense hyaline casts 
(R in figure) ; about the margins of some of these were foreign body giant cells 
{D in figure) similar to those pictured by Forbus and bis co-Avorkers and claimed 
by them to be “specifically indicative of Bence-Jones proteinuria. The glomeruli 
appeared normal except for distention of the spaces of BoAvman and slight thicken- 
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ing of the capsular basement membranes. The proximal convoluted tubules were 
dilated and the lining epithelium flattened. The remaining portions of the tubules 
were also slightly dilated; in some of them the cast distended the lumen to more 
than twice its normal diameter (C in figure). These tubules were lined by flattened 
epithelium. The interstitial tissue was edematous and here and there infiltrated 
by large mononuclear cells in clusters. Some of these cells resembled myeloma 
cells seen elsewhere but could not be definitely identified as such. The blood 
vessels were normal. The epithelial cells of the pelvic mucosa had desquamated; 
the basement membrane was everywhere intact. In the underlying stroma were 
groups of cells similar to those described between the tubules. There was no 
exudate on the mucosal surface of the urinary bladder. The mucosal stroma was 
edematous and congested and was diffusely infiltrated with mononuclear and poly- 
morphonuclear leukocytes. No organisms were seen in a section stained by 
Gram’s method. i 

COMMENT ; 

As can be seen from the photomicrographs, the essential lesion was 
a typical myeloma of the plasma cell type. The chief interest in the case 
is the effect produced on the kidney by the abnormal protein being 
excreted. The only proof that this protein was of the Bence Jones 
variety was the presence of giant cells of the foreign body type .about 
some of the casts in the renal tubules.^’’ The urine had been tested for 
this protein on four occasions, but none was found. It is well known, 
however, that the excretion of Bence Jones protein may be intermittent 
and that this protein is not found in the urine in every instance of 
multiple m 3 '’eloma. Whatever name ma}'^ be applied to the protein in the 
urine of this patient, it is obvious that one of its peculiar properties was 
coagulability. The protein apparently passed through the glomeruli 
without leaving histologic evidence of damage and first became solidified, 
in the loops of Henie or moi'e distal parts of the tubular system. 
Whether this was a consequence of reabsorption of water in the 
proximal convoluted tubules, with resultant increase in the concentration 
of the protein, or whether it was related to a change in the concentration 
of hydrogen ions or of electrolytes in the urine is conjectural. The 
result of the deposition of this protein was a mechanical blockage of the 
tubular system. The absence of detectable changes in the glomeruli with 
the dilatation of the spaces of Bowman and of the proximal convoluted 
tubules further supports the view that the damage was due to mechanical 
obstruction and not to any specific toxic effect of the abnormal protein 
on the tubular epithelium. 

SUMMARY 

A colored woman of 43 years died in uremia after twelve days of 
marked oliguria, followed by nine days of complete anuria. Terminally 
the nonprotein nitrogen of the blood rose to 167 mg. in 100 cc. All the 
renal tubules beginning with Henle’s loop were plugged with hyaline- 
casts. About the margins of some of these casts were foreign body 
giant cells. The proximal convoluted tubules and the spaces of Bowman 
were dilated. Since no other cause for the anuria could be found, it as 
assumed that it resulted from the mechanical obstruction. 

Dr. Walter Palmer gave me permission to abstract the clinical data on this case. 
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HYPERPARATHYROIDISM AND RENAL DISEASE . 

W. A. D. ANDERSON, M.D. 

MEMPHIS, TENN. 

As knowledge of the function and of abnormal conditions of the 
parathyroid glands has rapidly increased in recent years it has become 
evident that tlrere is a close linkage of these glands with renal function 
and disease. It is now known that lesions in the skeletal system are not 
the only important changes associated with hyperparathyroidism. In 
many cases renal disease may overshadow the skeletal changes. Mac- 
Callum^ first drew attention to this relationship in 1905, when he 
reported a tumor of a parathyroid gland associated with chronic renal 
disease. Since that time many scattered reports have indicated a relation- 
ship between hyperparathyroidism and disease of the kidney. Much of 
the credit for knowledge of this subject must be given to Albright and 
his associates ^ for their numerous careful studies on this phase of 
hyperparathyroidism. Considerable confusion of terminology and 
etiolog}f has resulted, however, partly because investigators are still not 
certain of the stimuli, normal or pathologic, which induce parathyroid 
secretion or of the mechanism of the action of this secretion. 

In the present review an attempt will be made to survey reported 
studies which have a bearing on the problem of a relationship between 
increased parathyroid function and renal disease. It is hoped that a 
marshaling together of various case reports, experimental studies and 

From the Department of Pathology, University of Tennessee College of 
Medicine. 

1. MacCallum, W. G. : Bull. Johns Hopkins Hosp. 16:87, 1905. 

2. (a) Albright, F. : M. Clin. North America 18:1109, 1935; (b) New 

England J. Med. 217:1063, 1937; (c) Tr. A. Am. Physicians 51:199, 1936; (d) 
52:171, 1937; (e) Internat. Clin. 3:280, 1937. (/) Albright, F.; Aub, J. C, 
and Bauer, W. : J. A. M. A. 102:1276, 1934. (g) Albright, F. ; Bauer, W. ; 
Cockrill, J. R., and Ellsworth, R.: J. Clin. Investigation 9:659, 1931. (h) 

Albright, F., and Bloomberg, E. : Tr. Am. A. Genito-Urin. Surgeons 27:195, 
1934; (i) J. Urol. 34:1, 1935. (/) Albright, F.; Baird, P. C. ; Cope, O., and 

Bloomberg, E. : Am, J. M. Sc. 187:49, 1934. (k) Albright, F. ; Bloomberg, E.; 
Castleman, B., and Churchill, E. D.: Arch. Int. Med, 54:315, 1934. (/) Albright, 
F.; Drake, T. G., and Sulkowitch, H. W.: Bull. Johns Hopkins Hosp. 60:377, 
1937. {in) Albright, F. ; Sulkowitch, H. W., and Bloomberg, E. : Am. J. M. Sc. 
193:800, 1937; (n) Arch. Int. Med. 62:199, 1938. 
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theories may clarify research in this subject, point out gaps in knowledge 
and suggest lines along which future work may be profitable. As far as 
is consistent with intelligent consideration of the subject only those 
aspects of hyperparathyroidism which are directly related to renal func- 
tion and disease will be considered. 

Two facts stand out and at first seem confusing: 1. Primary renal 
disease may result in parathyroid hyperplasia and hyperfunction, the 
degree and effects of which are modified in individual cases by the 
severity of the renal deficiency and by factors influencing the metabolism 
of calcium and phosphorus. 

2. Hyperparathyroidism, whether arising primarily in a functioning 
neoplasm of the parathyroids or secondarily in response to some stimulus 
from elsewhere, may produce renal damage varying from slight to severe 
also modified by other factors in addition to the severity of the hyper- 
parathyroidism. In these relationships disturbances in the metabolism 
of calcium and phosphorus pla}' a prominent part. 

RELATIONSHIPS BETWEEN PARATHYROID AND RENAL FUNCTIONS 

It has long been established that the parathyroid glands play an 
essential part in the metabolism of calcium and phosphorus and regulate 
their concentration in the serum. The point of action of the parathyroid 
hormone in the- mechanism of this regulation has been a matter of some 
dispute. Approximately half of the normal 9 to 11 mg. of calcium in 
100 cc. of serum is held in an inactive nondiffusible compound, bound 
in some way to serum protein. The remaining ionized portion is normally 
maintained within a relatively narrow range by parathyroid regulation. 
Fluctuation in the serum protein may cause considerable variation in 
the total serum calcium without the ionized, parathyroid-regulated por- 
tion varying beyond normal limits. Conversel}^ determinations of the 
total calcium may reveal no abnormality although the concentration of 
the ionized fraction is such as to indicate considerable disturbance of 
parathyroid function. The concentration of calcium ions in the plasma at 
any one time is the resultant of an equilibrium between the total calcium 
and the total protein present in the plasma. It is thus evident that, for 
significance regarding the parathyroids, any determination of serum 
calcium must take into account the level of plasma proteins. An increase 
in the concentration of phosphates in the serum may bring about a 
lowering of the ionized calcium. In hypoparathyroidism and hyper- 
parathyroidism serum calcium and phosphorus maintain a relationship 
such that their product remains roughly constant except at high levels 
of serum calcium, when the phosphorus may rise abruptly. A third 
factor of importance is the alkalinity of the serum. 
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Albright,-'" Goadby and Stacey ^ and Ellsworth and others ^ noted 
that one of the early and prominent effects of injection of parathyroid 
extract is a phosphate diuresis. This increased excretion of phosphates 
is independent of the concentration of ‘ inorganic phosphorus in the 
blood plasma. Goadby and Stacey pointed out that there are three 
possibilities as to the point of action of the parathyroid hormone: (1) 
the mechanism of the kidney’s excretion of inorganic phosphates, (2) the 
renal phosphatase and (3) the inorganic phosphorus of the blood or tis- 
sues. Their later investigations showed that in patients with severe 
impairment of renal function the phosphate diuresis was impaired or 
failed to appear. On improvement of renal function — as after recovery 
from an attack of acute nephritis — the phosphate diuresis again increased. 
It thus appears that the parathyroid hormone may act directly on the 
kidneys to allow increased excretion of phosphorus, resulting in a lower- 
ing of the serum phosphorus and a reciprocal rise in serum calcium. 
The matter would be simplified if it were not for evidence of other 
effects of the parathyroid hormone. However, Thomson and Pugsley,® 
Selye and Thomson and Collip " found that the parathyroid hormone 
may directly stimulate osteoclasts to mobilize calcium from the bones 
and that this characteristic skeletal effect may be obtained even after 
bilateral nephrectomy. ]\'IcJunkin, Tweedy and McNamara ® also showed 
this characteristic osteoclastic reaction after bilateral nephrectomy but 
found that the increase of serum calcium which usually accompanies 
injection of parath 3 ''roid extract was not obtained. They suggested that 
in the nephrectomized animal, in Avhich the serum phosphorus rises, the 
mobilized calcium does not accumulate in the blood because of increased 
elimination by the intestinal route. Ellsworth and Futcher,'*’' on the 
other hand, were able b}' injection of parathyroid extract to obtain 
increased serum calcium in bilateral!)' nephrectomized animals. 

While this seems rather confusing, it appears to establish that there 
are at least two points at which parathyroid extract may have an effect 
on calcium metabolism. Since one of these effects is dependent on 
integrity of renal function, it is not surprising that disturbance of renal 

3. Goadby, H. K., and Stacey, R. S. ; (a) Biochem. J. 28:2092, 1934; (d) 30 : 
269, 1936. 

4. (a) Ellsworth, R. : J. Clin. Investigation 11:1011, 1932, (b) Ellsworth, 
R., and Futcher, P. H.: Bull. Johns Hopkins Hosp. 57:91, 1935. (c) Ellsworth, 
R., and Howard, J. E.: ibid. 55:296, 1934. 

5. Thomson, D. L., and Pugsley, L. L: Am. J. Physiol. 102:350, 1932. 

6. Selye, H. : Endocrinologj'- 16:547, 1932. 

7. Thomson, D. L., and Collip, J. B.: Ph 3 'sioI. Rev. 12:309, 1932; Internat. 
Clin. 4:102, 1933. 

8. kicjunkin, F. A. ; Tweed.v, W. R., and McNamara, E. W. ; Am J Path 
13:325, 1937. 
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function should be reflected in disturbance of the function and effects of 
the parathyroid glands. 

On injection of parathyroid extract and in many cases of clinical 
hyperparathyroidism marked diuresis is a prominent effect. 'While this 
is usually associated with marked increase of calcium and phosphorus 
in the urine, it appears to be independent of these factors. Shelling, 
Kajdi and Guth ” showed that the cause of death in acute overdosage 
with parathyroid extract was dehydration and loss of electrolytes as a 
result of the diuresis. Tn^eed)^, Templeton and j\![cjunkin showed 
that many of the described effects on tissues of acute parathyroid 
overdosage are not found in bilaterally nephrectomized animals. 

Hyperparathyroidism causes a reversal of the usual path of excre- 
tion of calcium from the body. In the normal person most excreted 
calcium is found in the feces and but a small amount in the urine. In 
the patient with hyperparathyroidism most of the calcium is excreted 
by way of the kidneys; in addition, the total of calcium excreted is 
increased. 

These rather complex and not fully understood interrelationships 
between parathyroid function, kidney function and the metabolism of 
calcium and phosphorus give some help in clarifying relationships 
between hyperparath3'roidism and renal disease, as will be discussed in 
succeeding sections, 

EFFECT OF PRIMARY DECREASE OF RENAL FUNCTION 
ON THE PARATFIYROIDS 

A considerable mass of evidence has now accumulated indicating that 
renal insufficiency may give rise to parathyroid h}fperplasia and h3rper- 
function. These observations are of considerable value in elucidating one 
phase of the parath3Toid-kidne3'^ relationship ; they suggest a mechanism 
of stimulation and function of the parath3Toid glands. 

Experiinciital Ohsei-vatious . — Significant experimental demonstra- 
tion of the effect of renal damage on the parathyroids has been given 
by Pappenheimer and his associates." They produced renal damage in 
rats by unilateral nephrectomy and partial destruction of the remaining 
kidney by thermocautery. This reduction in functional renal tissue led 
to a decided increase in the size of the parathyroids. The use of the 
thermocautery produced a nephritic lesion in the remaining kidney tissue, 
and the severity of these nephritic changes (and so, presumably, the 

9. Shelling, D. H.; Kajdi, L., and Guth, L.: Endocrinology 22:225, 1938. 

10. Tweedy, "W. R.; Templeton, R. D., and Mcjunkin, F. A.: (a) Am. J. 

Physiol. 115:514, 1936; (t) Endocrinology 21:55, 1937. 

11. (ff) Pappenheimer, A. M. : J. Exper. Med. 64:965, 1936. (t') Pappen- 

heimer, A. M., and Wilens, S. L, : Am. J. Path. 11:73, 1935. 
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degree of deficiency of renal function) correlated with the degree of 
parathyroid enlargement. Bony lesions comparable to osteitis fibrosa 
cystica developed. The animals with decreased renal function were more 
sensitive to the injection of parathyroid extract, as measured by its 
effect on bone. That the parathyroid hyperfunction so induced may also, 
in turn, have its effect on the kidney has been revealed by the experiments 
of Donahue, Spingam and Pappenheimer,^- who found that the calcium 
content of the residual renal tissue was increased in proportion to the 
parathyroid enlargement. Removal of the parathyroids prevented this 
increase in renal calcium. 

Pollack and Siegal refer to a study l)y Plone on a syndrome 
occurring in dogs with renal insufficiency, characterized by osteoporosis 
of the skull, hypei'plasia of the parathyroids and calcium deposits in soft 
tissues. The}' expressed the belief that this was a comparable disorder 
occurring in dogs. 

Clinical Observations . — Virchow noted metastatic calcification in 
cases of nephritis, and since that time the association of renal lesions 
and deposition of calcium has been frequently noted. Only recently, 
however, have the parathyroids been carefully examined in renal disease, 
and the reasons for the previously noted changes have become clearer. 
Bergstrand noted in routine autopsies the frequency with which para- 
thyroid enlargement accompanies renal damage and presented a study of 
10 cases of renal disease associated with enlargement of the parathyroid 
glands. Vines remarked on the occurrence of parathyroid hyperplasia 
in patients with chronic nephritis but did not give details. Box and 
de Wesselow studied a patient with chronic nephritis whose blood 
calcium varied up to 20.1 mg. in 100 cc. and from clinical evidence 
suggested hyperparathyroidism. Lack of anatomic studies makes it diffi- 
cult to determine the primary factor in this case. 

Both Koopman and Radnai made histologic studies of the 
parathyroids in cases of chronic nephritis and failed to determine changes 
which they regarded as significant, though Radnai noted increased 
numbers of oxyphilic cells. Weights and measurements of the glands 
are not recorded. More recently, extensive detailed studies of the para- 

12. Donahue, W. ; Spingarn, C., and Pappenheimer, A. M. : J. Exper Med 
66:697, 1937. 

13. Pollack, H., and Siegal, S.: J. Mt. Sinai Hosp. 2:270, 1936. 

14. Virchow, R. : Virchows Arch. f. path. Anat. 8:103, 1855. 

15. Bergstrand, H. : Acta med. Scandinav. 53:644, 1921; 54:539, 1921. 

16. Vines, H. W. C. : The Parathyroids in Relation to Disease, London 
Edward Arnold & Co., 1924. 

17. Box, C. R., and de Wesselow, 0. L. V.: Lancet 2:543, 1925. 

18. Koopman, H. : Frankfurt. Ztschr. f. Path. 25:342, 1921. 

19. Radnai, P.; Frankfurt. Ztschr. f. Path. 46:97, 1933. 
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thyroids of patients with renal diseases have been made by Pappenheimer 
and Wilens,”*" Castleman and Mallory and Gilmour and Martin.-^ 
Also there have appeared a number of reports of single cases of renal 
disease in which parathyroid hyperplasia and effects of excessive func- 
tion were outstanding. 

Pappenheimer and Wilens published studies of 21 cases of chronic 
renal disease, using as controls 72 miscellaneous cases of other than 
renal conditions. The renal lesions in the 21 cases were of various types 
and accompanied by varied degrees of disturbance of renal function. 
The observers found an increase in the weight of the parathyroids 
roughly proportional to the severity and extent of the renal lesions and 
to the degree of clinical insufficiency. With severe lesions the increase 
in weight was OA^er 100 per cent. The enlarged glands had a more com- 
pact cellular structure with a smaller proportion of adipose tissue, and 
the large water-clear type of cell appeared dominant. 

Castleman and Mallory studied the parathyroids in 12 cases of 
chronic glomerular nephritis. In all but 2 of the cases there was gross 
enlargement of one or more glands. Microscopically, however, they 
found evidence of hyperplasia in all glands in every case. The fact 
that in some cases glands that were within normal limits of size showed 
satisfactory criteria of hyperplasia suggests that weights and measure- 
ments of parathyroids without skilled microscopic examination do not 
exclude the presence of hyperparathyroidism in a case of renal disease. 
It may be suggested, awaiting further study for proof or disproof, that 
in all cases of renal disease in which there is deficiency of function 
there is also some degree of overactivity of the parathyroid glands. 

The same authors also describe 15 cases of assorted renal diseases 
other than glomerular nephritis in which there were mild degrees of 
parathyroid hyperplasia, although in 6 cases the glands showed no 
increase in size. 

Gilmour and Martin made extensive statistical studies of the weight 
of the parathyroid glands. They found definitely higher mean weights in 
cases of nephritis and other renal diseases than in other disease groups. 
They also noted that in the cases of renal disease the glands had a higher 
percentage of parenchyma per unit of weight. In 7 of 32 cases of the 
nephritis reported on, the weights of the parathyroid parenchyma were 
above the upper limit of normal which they had established. In a case 
of very long-standing chronic nephritis associated Avith AAudespread calci- 
fication in soft tissues and generalized osteitis fibrosa, the parathyroid 
tissue Aveighed 2,569 mg. In the first case they described, one of early 


20. Castleman, B., and Mallory, T. B. : 
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nephritis, there was great enlargement and hyperplasia of only one 
gland, while the other glands were normal in size and structure. It 
appears unlikely that the parathyroid change was secondary in this case. 
They also mentioned a case of nephritis in a late stage in which only 
three glands Avere found, but with rveights exceeding the normal limit. 
In a group of 25 cases of renal disease other than nephritis they found 
3 cases in which the weight of the parathyroid parenchyma exceeded 
normal. Two of these Avere cases of chronic pyelonephritis, and the 
third AA'as a case of renal rickets. 

IndiA’idual cases of hyperparathyroidism apparently initiated by renal 
insufficiency haA^e been reported by Hubbard and WentAAmrth,-- Barr 
and Bulger,-^ Albright, Kluge,-'* Pollack and Siegal,*^ Nelson 
and Pons and Pappenheimer.-® There is also the Cabot case.'" Excluded 
from this number are cases of renal dAA'arfism and cases in AAdiich 
the parathyroid changes Avere limited to a single gland. Pons and Pap- 
penheimer-® in their tables gaA^e some information regarding 2 other 
unpublished cases. Detailed descriptions of all these cases are easily 
aA^ilable and Avill not be repeated here. The diA^ersity of the actual lesions 
in the kidneys is noteA\mrthy, hoAA'eA^er. SuppuratiA^e nephritis, subacute 
and chronic nephritis, arteriolosclerotic atrophy, polyc 3 'stic disease and 
hydronephrosis have all been found to lead to parathyroid enlargement. 
In those cases in AAdiich the hyperparathyroidism Avas prominent clinically 
and easily diagnosed by the usual clinical criteria for hyperparathy- 
roidism, the renal insufficiency AA^as severe and had lasted over a long 
period Avith A'^ery sIoav progression. In some cases the classic lesions of 
osteitis fibrosa cystica resulted. 

FoAVAveather and Pyrah -® studied the blood calcium and inorganic 
phosphorus in 102 cases of various types of renal disease, and in about 
50 per cent found the blood calcium to be OA'^er 11 mg. in 100 cc. Their 
results shoAved a tendency tOAvard increase of blood calcium in Avidely 
different types of disease involving the kidneys. The changes in blood 
calcium and phosphorus generally associated Avith renal disease are a 
decrease in calcium and an increase in phosphorus. These changes, 
however, are not usually demonstrable until the renal disease is con- 

22. Hubbard, R. S., and Wentworth, J. A.; Proc. Soc. Exper. Biol. & Med 
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siderably advanced, and from the aforementioned results it may be that 
there is some stimulus in early renal disease which causes parathyroid 
hyperactivity, which in some cases more than counterbalances the ten- 
dency toward high phosphorus and low calcium. 

Renal Dwarfism . — It is not intended to review here the subject of 
renal dwarfism (renal rickets). Various aspects have been rewewed 
by Mitchell and his collaborators,-® Maddox,®® Ellis and Evans,®^ Park 
and Eliot ®® and Price and Davie.®® However, it has recently become 
evident that in many cases, and probably in all, the parathyroid glands 
play an essential role in the pathogenesis of the condition. 

Although this condition is- said to have been first described by Stenier 
and Neurenter ®^ in 1870, it was not a clearly defined condition until the 
studies of Fletcher®® appeared in 1911; it was further elucidated by 
Miller and Parsons,®® Naish,®" Barber,®® Greene ®° and Parsons.^® 

Duken suggested that there was an endocrine factor in renal 
rickets and pointed to the parathyroids as possibly involved. The involve- 
ment of the parathyroid glands in characteristic renal dwarfism was 
actually noted by Langmead and Orr and by Smyth and Goldman.^® 
Shelling and Remson,^^ Gilmour and Martin,®^ Price and Davie®® and 
Howard '‘® reported further instances in which studies of the parathyroid 
glands were made. 

In the case reported by Langmead and Orr^® death occurred at 
the age of 20, and four large parathyroids were found. The skeletal 
changes were consistent with hyperparathyroidism. 

29. (a) Mitchell, A. G. : Am. J. Dis. Child. 40:101 and 345, 1930. {b) Mitchell, 
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The case reported by Smyth and Goldman was that of a boy aged 
14 , with a history of glomerular nephritis, marked impairment of renal 
function without hypertension, and generalized demineralization of 
bone. Autopsy showed five enlarged, diffusely h}’perplastic parathyroid 
glands, composed mainly of chief cells with moderate numbers of 
ox}T)hilic cells. The urinary tract showed a hypertrophied, trabeciilated 
bladder, bilateral hydroureter and hydronephrosis. Calcium deposition 
in kidney tissue was prominent, and calcium deposition was present in 
numerous other organs and tissues. 

The report by Shelling and Remson has certain distinctive features, 
in that an increased amount of parathyroid hormone was demonstrated 
in the blood prior to death by the hypercalcemia test of Hamilton and 
Schwartz.'**^' 

Price and Davie reported a case ; 

A bo}* of 14 bad suffered from thirst and polyuria since the age of 3 years. 
Deformities of the feet and legs were noted at S years and were progressive. 
Roentgenograms of the whole skeleton showed the characteristic changes of renal 
rickets. The urine was of low specific gravity, and the kidneys had no ability to 
concentrate it. Blood urea was 31S mg., scrum calcium 13.6 mg. and serum 
phosphates 6.5 mg. in 100 cc. The boy appeared in comparatively good health, 
considering the degree of renal inadequacy, but there was rapid termination with 
uremia. Autopsy showed four enlarged parathyroid glands, measuring 10 by 6 by 4 
mm., 15 by 6 hy 4 mm., 15 by S by 6 mm. and 11 by 10 by 5 mm. (average normal 
size about 5 by 3 by 2 mm,). The changes found in the bones were essentially 
those of hj-perparathyroidism. Microscopically, the parathyroid hyperplasia was 
unifonn throughout and composed mainly of chief cells, but with a few oxyphils. 
The findings in the single kidney which was removed are particularly interesting. 
The kidney was very small and pale, with a diffusely granular surface and an 
adherent capsule. There was no evidence of pelvic dilatation or pyelitis. Llicro- 
scopically there were seen many obliterated and partially obliterated glomeruli, 
but no evidence of active glomerular inflammation, ifany tubules were greatly 
dilated, and some formed cysts. The main reaction was interstitial. The interstitial 
tissue was greatly increased in amount and showed infiltration with chronic 
inflammatorj* cells. There were numerous small fod of interstitial calcification, 
particularly within or immediately adjacent to basement membranes of tubules. 
No glomerular or intratubular calcification was noted. Just beneath the tubular 
basement membranes were small bodies which, the authors suggest, may have been 
calcium soaps. The vascular changes in the kidney were very slight. 

Howard likewise reported a case : 

A 16 year old boy had shown deficient growth from birth. Bony deformities 
developed before sdiool age. There was moderate frequency of urination with 
polyuria. The specific gravity of the urine was very low and fixed. The blood 
nonprotein nitrogen was 120 mg., the calcium 9.4 mg. and the phosphorus 11.3 mg. 
The nonprotein nitrogen in the blood rose to 300 mg. shortly before death. There 
was no hypertension. At autopsy three greatly enlarged parathyroid glands were 

46. Hamilton, B., and Schwartz, C.: J. Pharmacol. & Exper. Thcrap 46- 
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located, the largest measuring IS mm. in maximal diameter. Microscopically, the 
glands all showed dense hyperplasia of chief cells. The skeletal changes were 
those of osteitis fibrosa. The kidneys were very small and microscopically were 
characterized by marked interstitial changes, with calcium deposits in and beneath 
the basement membranes of tubules, and by tubular dilatation, but showed no 
evidence of active glomerulitis or more than slight vascular changes. 

A number of other cases presented a picture so closely resembling 
renal dwarfism and hyperparathyroidism that they have been reported 
by one observer as instances of the former condition and by another 
observer as instances of the latter. Thus the case reported by Davies- 
Colley is reported by Bulger and his co-workers as an instance 
of hyperparathyroidism and by Mitchell as an example of renal 
rickets, and Hutinel’s case, often cited as one of renal rickets, is 
mentioned by Shelling as one of hyperparathyroidism. The cases of 
Cockayne and Lander and Lightwood are probably also examples 
of this condition. 

An accurate evaluation of all the factors in the pathogenesis of renal 
dwarfism, with which all students of the subject are in agreement, has 
not yet been made, and for such an evaluation more data are required. 
Undoubted!}'- in many cases the initiating factor in the disease is a renal 
lesion. This renal lesion is often a congenital disturbance or obstruction, 
but various types of lesions have been noted. The essential character 
of the renal disease, however, is that it must develop before endo- 
chondral bone growth is completed and give rise to a severe degree of 
renal insufficiency which continues over a long period. The progressive 
nature of the usual type of nephritis does not allow it to meet these 
necessary conditions except in unusual cases, and this probably accounts 
for the comparative rarity of renal dwarfism as a complication of the 
nephritides of childhood. 

From the facts that both clinical and experimental renal insufficiency 
produces parathyroid hyperplasia and hyperfunction and that parathyroid 
hyperplasia and hyperfunction have been demonstrated in a small number 
of cases of renal dwarfism, the evidence that the parathyroids play an 
essential role in this condition is very convincing. The lesions found 
in the bones are entirely comparable to those of osteitis fibrosa cystica, 
of renal hyperparathyroidism in adults and of experimental osteitis 
fibrosa produced by injections of parathyroid extract (Bodansky, Blair 
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and Jaffe Bodansky and Jaffe“-‘), though modified by an cfifect 
on bones undergoing endochondral ossification, which gives rise to' the 
stunting of longitudinal growth. This sequence in the development of 
renal dwarfism is backed by the experimental work of Pappenheimer,^^'' 
who produced a comparable condition in young rats by producing renal 
insufficiency and keeping them on a deficient calcium intake. If the diet 
contained sufficient calcium and phosphorus, the parathyroid hyper- 
plasia was only exceptionally accompanied by osteofibrolic skeletal 
changes. On a very low calcium intake the skeletal lesions were similar 
to those of marked rickets, whereas with a moderately deficient calcium 
intake the skeletal lesion was osteitis fibrosa. Thompson prepared 
an extract of the parathyroid glands, which he noted would retard 
and limit growth in rats. Jaffe and Bodansky noted that dogs treated 
by injections of parathyroid exti'act for long periods were stunted. 
Shelling, Asher and Jackson reported moderate retardation of growth 
of rats receiving daily injections of parathyroid extract. It thus appears 
that renal dwarfism is but a modification of the renal hyperparathy- 
roidism that occurs in adults, a modification in which the disease is of 
such severity and chronicity as to produce skeletal lesions. With this 
conclusion Park and Eliot are in complete agreement, and in their 
excellent review they have convincingly outlined the pathogenesis of 
this condition. The evidence for other factors in many of the cases 
cannot, however, be overlooked, and the presence of infantilism and 
other endocrine disturbances in some cases is not so easily explained 
on this basis. Several authors (Chown;-’’’® Roberts:®'’ Chown and 
Lee ®®‘’) have suggested that the pituitary gland may be involved. Evi- 
dence that this gland may play a part in stimulation of the parathyroids 
has been produced by lioussay,"® lioffman and Anselmino,®’^ Hertz and 
Kranes and others. 
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Mitchell attributed the lesions in the skeleton to a deficiency in 
calcium absorbed from the intestine. He suggested that in the presence 
of renal insufficiency the intestinal mucosa may excrete waste endogenous 
phosphates, instead of the kidneys, the phosphorus forming with ingested 
calcium insoluble calcium phosphate, thus preventing absorption. 
Albright also did not agree that the parathyroids have a direct elTect 
in the release of calcium from the bones and the production of skeletal 
lesions. The reasons he gave for believing that the hormone does not 
act on bone tissue are as follows. 1. The bones are not abnormal in 
hypoparathyroidism. 2. Primary hyperparathyroidism may exist without 
evidence of bone changes. 3. Bone changes in hyperparathyroidism can 
be made to regress by means of diet alone. On the other hand, con- 
vincing evidence has been produced indicating an effect of parathyroid 
extract directly on bones, even in the absence of the kidneys. Jaffe,®^ 
Thomson and Collip," Selye ® and Mcjunkin and his associates ® found 
a definite reaction in bony tissue following injection of parathyroid 
extract. While such details of the mechanism may be in dispute, the 
evidence that hyperparathyroidism is an essential part of renal dwarfism 
appears overwhelming. Park and Eliot made the suggestion that in 
these cases the disease should be termed renal hyperparathyroidism with 
osteitis fibrosa cystica. This term defines the underlying condition, indi- 
cates the pathogenesis of the disease and describes the condition in the 
bones (albeit inaccurately). Its general adoption would relieve the 
confusion attending the term “renal rickets” and identify the condition 
with its counterpart in adults. 

Both Shelling °° and Park and Eliot emphasized that it may be 
very difficult in individual cases to distinguish renal hyperparathyroidism 
from primary or idiopathic hyperparathyroidism, particularly in the 
terminal stages, when the two may be identical. .Shelling puts great 
emphasis on the history of renal symptoms antedating evidence of 
changes in the skeleton. This would not appear to be always reliable. 
In MacCallum’s ^ case the nephritis was primary as regards the time 
at which it became evident, yet the parathyroids showed a single adenoma 
rather than diffuse hyperplasia. Albright, Drake and S ulko witch 
pointed out that in many cases of primary hyperparathyroidism (with 
a parathyroid adenoma) renal symptoms ma}'' appear before bone symp- 
toms or roentgen evidence of skeletal disease and that one should not 
wait for bone symptoms to make a diagnosis of hyperparathyroidism. 
They favored a high level of serum calcium as being of value in^suggest- 
ing primary hyperparathyroidism as opposed to a disease in which renal 
insufficiency is the first step. The presence of calcium deposits in the 
kidney or of renal calculi is not, as Shelling suggested, a distinguishing 
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characteristic of primary hyperparathyroidism alone, for these findings 
are not infrequent in cases of renal rickets. Again experimental work 
has been done which confirms these findings. Donahue, Spingarn and 
Pappenheimer found increased calcium content in the remaining 
portions of damaged kidneys in rats in the presence of hyperplastic 
parathyroids. That this was due to parathyroid action was shown by the 
absence of this increase in renal calcium when the parathyroids were 
removed. 

The actual lesions in the genitourinary tract in renal rickets divide 
themselves into two groups. In one group there are lesions of a con- 
genital nature, either a cystic disorder of the kidneys or some abnormality 
of the lower part of the urinary tract resulting in dilatation of the 
ureters and hydronephrosis. In the other group are those peculiar 
changes of the kidney which commonly have been called chronic inter- 
stitial nephritis. Here there is advanced glomerular destruction and 
gross tubular dilatation, but evidences of antecedent glomerulonephritis, 
such as thickened and adherent tufts or crescents in Bowman's capsules, 
are absent, as are usually, also, vascular changes, hypertension and 
cardiac hypertrophy. Instead there are progressive inflammation and 
fibrosis in interstitial tissues, with deposition of small amounts of 
calcium. This group is entirely analogous to that produced as a result 
of primary chronic hyperparathyroidism. 

As has been stated by Price and Davie, these findings suggest the 
possibility that the syndrome of renal rickets may have its beginnings 
either in the endocrine system (parathyroids or hypophysis) or in the 
genitourinary system. In either case the parathyroids play an essential 
part, and the end picture may be clinically the same. Distinction as to 
the origin may then be possible only by ( 1 ) evidence of a primary para- 
thyroid origin from the presence of a single parathyroid tumor or (2) 
evidence of a primary renal origin from the presence of a congenital 
abnormality of the kidneys or of the urinary tract. Such a theory of 
multiple origins of renal rickets does much to explain certain findings 
which were difficult to fit into the picture on the basis of a purely 
endocrine origin. 

Comment . — The change in the glands in renal hyperparathyroidism 
appear to be true hyperplasia, affecting all the glands in the same fashion, 
though not necessarily producing the same degree of enlargement in 
each gland. The increase in size of the glands may be truly enormous ; in 
one case a single gland weighed nearly 5 Gm. (normal about 60 mg.). 
The size is mainly accounted for by true hyperplasia. The individual 
cells are not increased in size and are usually reported to be mainly of 
the small chief cell type, densely packed together, with decrease in 
the proportion of fat cells to parenchyma. The details of these changes 
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have been carefully studied and clearly described by Castleman and 
Mallory.-"'' The epithelial cells are arranged in wider columns or in 
solid masses of cells without discernible columnar arrangement. In 
more advanced cases thei'C ma}^ be a tendency toward acinar arrangement. 
There are no mitoses. Oxyphile cells are more numerous. The micro- 
scopic appearance is diffuse and uniform throughout all the glands, 
though the glands may show variable degrees of increase in size. In the 
gross the glands are a creamy gray color, rather than light brown, and 
are firm in consistence. 

That the parathyroid hyperplasia of renal disease is actually 
accompanied by increase in the amount of parathyroid hormone in the 
blood has been ably demonstrated by Highman and Hamilton,"'* using 
the hypercalcemia test in rabbits as devised by Hamilton and Schwartz 
and Hamilton and Highman."'’ While Highman and Hamilton "* did 
not find a strict proportionality between the rise of inorganic phosphorus 
in the blood and the increase in hormone, they suggested that the hyper- 
phosphatemia was probably the stimulating factor. 

The actual mechanism by which renal insufficienc}’^ brings about 
parathyroid h3'perplasia will not be discussed in detail, as sufficient 
experimental work has not been performed to enable one to reach an 
unassailable conclusion. Parenteral administration of phosphates has 
produced parathyroid hyperplasia in rabbits (Drake and others""), 
and several authors agree that retention of phosphates is the probable 
mechanism. Numerous experiments have indicated that the first effect 
of injection of parathyroid extract is to produce phosphate diuresis, and 
the hormone evidently has a direct effect on the kidnej’-, lowering the 
threshold for phosphorus. Albright has recently suggested low blood 
calcium as the stimulus for pai'athyroid hyperplasia. Park and Eliot 
suggested that it is change in the calcium and inorganic phosphorous 
equilibrium of the blood which acts as a stimulus to parathyroid action. 
Acidosis may also be suggested as a possible stimulus to parathyroid 
hyperplasia. Solution of this problem awaits further investigation. 

PRIMARY HYPERPARATHYROIDISM AND ITS EFFECT 
ON THE KIDNEYS 

The Parathyroid Lesion.— Castleman and Mallory and Albright and 
others " stressed the fact that two types of primary hyperparathyroid- 
ism (as far as is known) may occur, either of which may produce osteitis 
fibrosa and frequently renal disease. These types may be distinguished 

64. Highman, W. J., Jr., and Hamilton, B. : J. Clin. Investigation 16:103, 
1937; Arch. Path. 26:1029, 1938. 

65. Hamilton, B., and Highman, W. J., Jr.: J. Gin. Investigation 15:99, 1936. 

66. Drake, T. G.; Albright, F., and Castleman, B.: J. Clin. Investigation 16: 
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by the morphologic aspects of the parathyroid glands, but the effects 
produced elsewhere (skeleton, kidneys) may be identical. The com- 
moner type is characterized by an adenomatous enlargement of a single 
gland. In the other type there is a comparatively uniform increase in 
size of all four glands, as well as a distinctive microscopic appearance. 

The adenomatous enlargement of a single gland has been described 
in detail by Castleman and Mallory and by Hunter and Turnbull.” 
Such enlargement may be truly enormous. Sometimes it affects only 
part of a gland, leaving around it a rim of normal parathyroid tissue. 
In the majority of cases the growth is composed of types of chief . 
cells; in a few it is composed of wasscrhellc cells (Elsom, Wood and 
Ravdin ; rarely, qxyphile adenoma, which apparently is hyperfunc- 
tioning, has been reported (Chown ; Venables;®'* Warren and 
Morgan . 

Turnbull expressed the opinion that the adenomatous enlargements 
were not autonomous new growths but enlargements due to functional 
hyperactivity. He compares this with the occurrence of localized areas 
of overactivity in the thyroid. Castleman and Mallor}’-,-® however, con- 
sider that these localized parathyroid enlargements represent neoplasia, 
basing this belief mainly on the localized character of the proliferative 
process. 

The diffuse type of enlargement of the parathyroid glands in 
“primary” hyperparathyroidism is characterized by the presence of large 
wasserhelle cells making up the whole of the tissue, to the exclusion 
of other types of cells which are normally found in the glands. Albright 
and his associates " have made the most complete studies on this type 
of hyperparathyroidism. They believe this wasserhclle type of enlarge- 
ment is secondary to some unknown stimulus. The glands may have a 
weight thirty to one hundred times normal. This increase in size can 
be explained mainly by hypertrophy of the cells, with little or no increase 
in number. The appearance is similar in all the glands. The cells are 
very large, with clear watery cytoplasm. There is increased tendency to 
glandular arrangement. Oxyphile cells, chief cells and mitoses are absent. 
Fat tissue is also absent. No case has been found in which the condition 
has been present in mild or transition forms, or in only a portion of a 
gland. Once the condition is present, it remains indefinitely, but there 
is little tendency to regeneration if a portion is removed at operation. 
The weight of the gland tissue and the degree of hyperparathyroidism 
appear to be definitely correlated. 

67. Hunter, D., and Turnbull, H. M. : Brit. J. Surg. 19:203, 1931. 
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The Renal Lesion . — Primary hyperparathyroidism associated with 
marked renal insufficiency has been reported by Elsom, Wood and 
Ravdin,'^® Baker and Howard, Beilin and Gershwin, Albright, 
Anderson and others. 

Elsom, Wood and Ravdin noted that the renal disease associated 
with primary hyperparathyroidism has certain features which distinguish 
it from the usual types of chronic nephritis. Hypertension, cardiac 
enlargement, edema and retinal exudates are usually absent or very incon- 
spicuous. In many cases the subject appears to tolerate an unusual degree 
* of kidney damage and insufficiency without much subjective discomfort. 
It seems possible to relate these distinctive clinical features to the 
morphologic peculiarities of the renal lesion. Vascular lesions are 
characteristically absent or slight, as is active glomerular involvement. 
Morphologically one would expect the greatest interference with tubular 
function, and this seems to be reflected in the inability to produce con- 
centrated urine. Correction of the hyperparathyroidism might be 
expected to halt the progression of the lesion (Bal<er and Howard ; 
Beilin and Gershwin but improvement in renal function could occur 
only in early cases (Baker and Howard ”^). 

The literature now contains man}'- reports of cases of primary hyper- 
parathyroidism. In a large proportion of the reported cases there was 
some evidence of disturbance of renal function or of the presence of 
renal calculi. Polyuria and polydipsia, associated usually but not neces- 
sarily with hypercalciuria, were among the earliest and most constant of 
symptoms. In later stages it was extremely common to find a slight 
amount of albumin and a few casts in the urine, with lowering and 
fixation of the specific gravit3^ Treatment in early stages sometimes 
produced improvement in renal function and ability to concentrate 
(Baker and Howard;’’^ Cooley Pemberton and Geddie;’’® Boyd, 
Milgram and Stearns,^'’ and others). The presence of renal calculi, with 
associated obstruction and infection, may change the usual renal picture. 

In some cases the evidence of renal disease overshadowed other 
evidences of hyperparathyroidism, and in recent years, since involve- 
ment of the kidneys has been more generally realized to be an occurrence 
in hyperparathyroidism, such cases have been reported more frequently. 

71. Baker, B. M., Jr., and Howard, J. E.: Bull. Johns Hopkins Hosp. 59: 
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sclerosis and contraction, the end point simulating chronic nephritis. 
With this conclusion other pathologists agree (Chown®®") and disagree 
( Pappenheimer and Wilens^^'^). 

In type III, which they call “parathyroid poisoning,” deposits of 
calcium occur in the kidne}'’ but, in addition, in various other organs, 
such as the lung, stomach and heart. 

It is evident that in these three types the primary or essential factor 
as far as the kidneys are concerned is the deposition of calcium in the 
renal parenchyma, and thus dirdsion into types is only a clinical con- 
venience. From the pathologic standpoint the important problem seems 
to be whether or not deposition of calcium per se damages kidney tis- 
sue to such an extent that renal function may be decreased. 

It seems significant that almost constantly in cases of hyperpara- 
thyroidism in which histologic studies were carefully made a particular 
t3q3e of lesion has been described. This renal change is predominantly 
interstitial. There is interstitial infiltration by chronic inflammatory cells, 
interstitial fibrosis and interstitial deposition of calcium, particularly in or 
adjacent to tubular basement membranes. Tubular and intratubular cal- 
cium deposits, while usually present, are less prominent, particularly 
in late stages, and seem to be more characteristic of an acute phase. 
Frequentl)'' tubules are dilated and lined by flattened epithelium. Often 
small cysts are formed. Glomeruli are partially or completely fibrosed, 
but evidence of proliferative or exudative changes in glomeruli, such as 
are seen in glomerular nephritis, are absent. Vascular involvement is 
usually slight ; when present, it appears to be an unrelated change. 

Many of the calcium deposits, both those within tubules, associated 
with desquamation and destruction of tubular epithelium, and peritubular 
masses, may give rise to obstruction of the tubule and an effect on other 
portions of the nephron. The tubular dilatations and many of the 
obliterations of glomerular tufts are expressions of these obstructive 
effects. Other conditions in which tubular obstruction is productive 
of renal damage have been described by Forbus and his associates®® 
in Bence Jones proteinuria and by Duguid ®®‘’ in lesions produced by 
calciferol and described in more detail elsewhere. It is obvious that 
widespread obstruction of tubules may severely damage the kidney and 
produce insufficiency. MacNider described regeneration of tubular 
epithelial cells in a more resistant form after injury by uranium nitrate 
and mercury bichloride. No studies have been made which indicate 
whether or not such regeneration of tubular cells, with acquired resis- 

88. Forbus, W. D.; Perlzweig, W. A.; Parfentjev, I. A., and Burwell, J. C, 
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tance, may follow slighter degrees of damage by hyperparathyroidism. 
Such a process, however, may partially explain the immunity acquired 
by many experimental animals to injections of parathyroid extract. 

Some of the interstitial calcium deposits may have been primarily 
in tubules and, following degeneration of the injured nephron, appear 
to be in interstitial tissue surrounded by more prominent fibrous tissue. 

Parenchymal calculi may be formed by coalescence of calcium con- 
cretions or by ulceration of the tubular epithelium overlying a protruding 
peritubular mineral deposit, and subsequent precipitation from tubular 
urine. The development of calculi, with obstruction and infection, may 
modify the picture of the renal lesion. 

Experimental Results . — Experimental work with parathyroid extract 
would naturally be looked to for the solution of the pathogenesis of the 
renal lesions in hyperparathyroidism. The results are somewhat dis- 
appointing. Alost experimenters (Hueper;®^ Learner;®- Cantarow, 
Stewart and Housel®®) produced acute hyperparathyroidism by large 
doses, a condition that does not simulate the relatively mild chronic 
hyperparathyroidism seen in man. Many animals seem to have or to 
develop tolerance toward the extract. Selye ° showed that in rats this 
apparent immunity which develops is really a change in the response 
of the tissues affected, in such a fashion that an osteoblastic rather than 
an osteoclastic action may be produced in bones. Whether or not there 
develops a change in the response of the kidney to continued administra- 
tion of the parathyroid extract has not been demonstrated. 

Hueper,®^ Learner and Cantarow, Stewart and Housel described 
the renal changes in dogs in experimental acute hyperparathyroidism. 
Their findings in the kidney are all essentially similar. Marked degen- 
erative changes were found in the renal tubular epithelium. All portions 
of the cortical tubules were involved, and occasionally the collecting 
tubules to a lesser degree. Dilated tubules, some lined by flattened 
epithelium, were frequent. The amount of calcium deposited did not 
parallel the value of serum calcium. The mineral deposits were found 
in tubular epithelium and as casts in the tubular lumen. Hueper also 
described some calcification of tubular basement membranes and of 
Bowman’s capsule. 

Mejunkin and his co-workers and Cantarow and his associates 
were emphatic that the calcification in experimental hyperparathyroidism 
is not metastatic in the sense that calcium is deposited in tissue otherwise 
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normal. Cantarow and his associates®^ invariably found regressive 
changes in the kidneys, which they believed contributed to the localiza- 
tion of the deposits. Mcjunkin and his associates suggested that this 
injury was produced by disturbance of the calcium components of the 
tissue fluids of the cells themselves. 

The most enlightening experimental studies are those of Chown, 
Lee and Teal.®®® They used young rats, giving them graduated parenteral 
doses of parathyroid extract over long periods. Early lesions consisted of 
intratubular calcium deposits, coarse and fine interstitial calcium deposits 
and extension of calcium masses into the tubular lumens, with a leuko- 
cytic reaction. Many of these deposits were only temporary. Late results 
(up to one hundred and seventy-four days) were very striking, with 
cystic tubular dilatation, occasionally irregular pelvic dilatation and 
chronic focal inflammatory reaction. Varying amounts of interstitial 
reaction and proliferation occurred, with some glomerular changes. 
Calcium deposits in glomeruli were not seen. Eventually, in late cases, 
calcium deposition was often small in amount and was present only in 
interstitial tissues. The resemblance of this to the findings in the kidneys 
in clinical cases of renal rickets and primary hyperparathyroidism is 
evident. 

It seems from the evidence only fair to conclude that hyperparathy- 
roidism may produce definite kidney disease. To decide whether this 
renal damage may be produced as a result of hypercalcemia per se or 
only with the addition of other factors is more difficult. Considerable 
evidence indicates that in hj^perparathyroidism there are other assisting 
elements. Definite evidence of degenerative changes in the kidney in 
experimental acute hyperparathyroidism has been referred to in a 
foregoing paragraph. This is reflected in the common finding in patients 
with parathyroid adenoma of a loss of concentrating power by the 
kidneys, with a fixed low specific gravity of the urine, which may be 
relieved if the adenoma is surgically removed in early stages of the 
disease. That hypercalcemia alone may not be very injurious is indicated 
in the report by Reed ®® of a young adult human subject who maintained 
“hypercalcemia of 24 mg. for 8 days by vitamin D overdosage without 
evidence of toxicity or subsequent damage.” Duguid in experimental 
work with rats given acid sodium phosphate and calciferol found that 
what begins as a purely tubular degenerative lesion, with calcification, 
may eventually produce in the kidney microscopic changes very difficult 
to distinguish from an advanced stage of chronic glomerulonephritis. 
The primary change was a tubular degenerative change with focal calci- 
fication. Groups of degenerated convoluted tubules of the cortex either 
atrophied and left areas of fibrosis or became dilated and cystlike. The 
glomeruli in their turn degenerated, the capillaries becoming hyaline and 
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their lumens obliterated, so that eventually the glomerular tufts were 
transformed into solid masses of hyaline substance, which later became 
fibrosed. These glomerular lesions were found only in the more severely 
afifected animals which survived some months after the production of 
the initial lesion. The variety of histologic pictures produced often 
imitated the various forms of primary chronic nephritis in man. 

Renal Calcification . — Because of the stress which has been put on the 
deposition of calcium in the kidney in the renal lesion of primary hyper- 
parathyroidism, certain points about renal calcification will be reviewed. 
There is no doubt that in experimental acute hyperparathyroidism dis- 
turbance of renal function having no relation to deposition of calcium 
occurs, even though in such experiments extensive calcium masses may 
be laid down in the kidney in less than forty-eight hours. The anuria 
which regularly precedes death in acute hyperparathyroidism appears, 
however, to be related to loss of electrolytes, and the symptoms may be 
relieved by replacement of the deficient water and electrolytes. However, 
in the chronic forms of hyperparathyroidism the deposition of calcium 
appears to be a definite factor leading to damage of the kidney tissue 
and decreased efficiency of renal function, as well as to formation of 
calculi and resulting obstruction and infection. 

The subject of pathologic calcification was reviewed by Barr.®° He 
emphasized the rarity of calcium metastases in human diseases, and also 
the frequency with which they have been found related to nephritis. He 
stated that it is difficult to find a case of extensive metastatic calcification 
in which a renal element can be definitely excluded. 

Factors of importance in the precipitation of calcium include the 
concentration of calcium, the concentration of phosphates and the degree 
of alkalinity of the serum and tissue fluids. Localized increase in alka- 
linity may cause deposition of calcium even without great increase in 
concentration of calcium and phosphates. If there is increase in 
concentration of calcium and (or) phosphates, as there may be in hyper- 
parathyroidism, local relative alkalinity may still be a factor causing pre- 
cipitation of calcium in a particular place. On this basis has been 
explained the frequency of calcium deposits in the lungs, stomach and 
kidneys. Kleinmann®’’ emphasized that degenerating and devitalized 
tissues similarly have relative alkalinity. 

Wells, Holmes and Henry pointed out the peculiarity of the cal- 
cium deposits in the kidney when the tubules are the structures involved. 
Tubular calcification they compare to calcification of organic material 
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in the urine rather than to calcification of tissues with lime salts directly 
from the blood. The epithelium and tube cast deposits they found to 
contain calcium only as phosphate, whereas in interstitial tissues car- 
bonate could be demonstrated as well, the calcium in the latter situation 
probably coming from the blood. In the urine calcium is present chiefly 
in the form of the acid phosphate. The common stain used to demon- 
strate the presence of calcium in tissues is silver nitrate. Wells and 
his co-workers”® stated, and the statement has been fully confirmed 
by the work of Cameron,”” that silver nitrate has no affinity for calcium 
and detects not calcium but certain acid radicals, particularly the 
phosphate. 

Experimental and metabolic studies have indicated that increased 
calcium and phosphorus in the urine, as well as degenerative changes 
in kidney tissue, are characteristic features of hyperparathyroidism. 
Thus in acute phases of hyperparathyroidism, particularly, conditions 
are ripe for the deposition of calcium in renal tubules. The experiments 
of Chown have shown that with progression of the renal lesion 
much of this tubular deposit is removed. Adequate studies of the amount 
of epithelial regeneration which may follow have not been made, but 
evidence indicates that even up to this stage there may be return of the 
kidney to more efficient function. In the later stages of the renal lesion, 
when chronic insufficiency of renal function is present, the deposition of 
calcium is predominantly interstitial. The extent of this interstitial 
accumulation of calcium is probably not realized because of the use of 
the common but inadequate silver nitrate method for the demonstration 
of calcium, which, as was emphasized in a foregoing paragraph, stains 
not the calcium but the phosphate radical. Extensive interstitial calcium 
deposits of this sort are a rare occurrence in any condition other than 
hyperparathyroidism. Experimentally induced hypervitaminosis D may 
produce a somewhat similar renal condition in an acute phase, as will 
be discussed separately. The extensive renal calcification sometimes 
accompanying high intestinal obstruction (Cooke A”" Brown and 
co-workers is mainly tubular and dependent on dystrophic changes 
in tubular epithelium. 

The part played by renal phosphatase in renal calcification has not 
been thoroughly investigated. Hyperparathyroidism with skeletal lesions 
is associated with increased serum phosphatase, but the phosphatase of 
the kidney tissue under these circumstances is not kno^’ra. The work 
of Rosenheim and Robison suggested that renal phosphatase is a 
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factor of some importance for calcification in vitro. One might expect, 
though as yet without concrete evidence, that in hyperparathyroidism 
increase of phosphatase in kidney tissue would be an important factor 
causing the unusual type of renal calcification. 

Renal Lithia^is, — ^The presence of renal calculi has been noted very 
frequently in cases of hyperparathyroidism. Among 75 cases in which 
parathyroid adenoma' was proved to be present, collected by Compere,^®® 
there were 24 in which renal calculi were found. In the series of 32 
cases of hyperparathyroidism reported by Hunter calculi were found 
in 10, or about the same proportion. Barney and Mintz noted that 
of 65 cases of pai'athyroidism reported by various authors, stones were 
present in 15. In the series of cases reported by Barney and Mintz 
from Boston almost 70 per cent showed renal stones, a much higher per- 
centage than in the other collected instances that have been noted here. 
Albright and his associates mentioned calculous disease as the com- 
monest renal complication of hyperparathyroidism in their cases. 

It is evident then that renal formation of stones is one of the 
commonest results of hyperparathyroidism. Estimations as to the impor- 
tance of the parathyroids in the general problem of the renal formation 
of stones have been variable. Barney and Mintz stated that hyper- 
parathyroidism was a factor in 10 per cent of cases of renal calculi, 
but later they revised this figure to between 4 and 5 per cent. This 
figure was based on a series of 340 patients with urinary lithiasis, some 
of whom were proved by operation to be suffering from hyperthyroidism. 
In other clinics the proportion has been found to be much lower. Griffin, 
Osterberg and Braasch found hyperparathyroidism to be a factor in 
less than 0.2 per cent of 1,206 cases of urinary lithiasis. Geographic 
location, a known factor of importance in calculous disease, would cause 
slight variation in such figures but hardly enough to account for such a 
discrepancy. Marquardt in a small series of cases did not find hyper- 
parathyroidism to be a factor. Fowweather and Pyrah also agreed that 
primary hyperparathyroidism is a factor in only a very small proportion 
of cases of renal calculi. 

Renal calculi are not common in children but have been noted in 
many who had renal dwarfism (Davies-Colley ; Barber ; Pai'sons ; 
MitchelHs) which, as has been indicated, is associated with hyperpara- 

103. Compere, E. L. ; Arch. Surg. 32:232, 1936. 

104. Hunter, D.; Lancet 1:897 and 946, 1930; Quart. J. Med. 24:393, 1931 • 
Brit. M. J. 1:982 and 929, 1937. 

105. Barney, J. D., and Mintz, E. R.: J. A. M. A. 103:741, 1934. 

106. Barney, J. D., and Mintz, E. R.: J. Urol. 36:159, 1936; Brit T Urol 8- 

36, 1936. J- u ui. o. 

107. Griffin, M.; Osterberg, A. E., and Braasch, W. F.: J. A. M. A. 111:683 
1938, 

108. Marquardt, C R. : Wisconsin M. J, 36:177, 1937, 
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thyroidism and frequently with calcium deposits in the kidneys. The 
probable mechanism by which renal calculi are formed in hyperpara- 
thyroidism has been revealed in the studies made by Randall and by 
Chown, Lee and Teal.-''’^'= Randall showed that the basic lesion in renal 
stone formation is a parenchymal deposit of calcium in the kidney 
substance, particularly in the walls and intertubular spaces of the renal 
papilla. These plaquelike calcium masses may lose their epithelial cov- 
ering and be subjected to constant contact with calycine urine, acting 
then as a nidus on which further deposition may occur and being held in 
place until a stone of some size is formed. The association of these 
conditions with evidence of tubular damage has also been emphasized 
by Randall. 

From the earlier discussion of the morphologic changes in the kidney, 
it is seen how frequentl}'’ h3'’perparath3'roidisni produces just such an 
initiating lesion for the formation of stone. Tubular damage and inter- 
stitial calcium deposits are marked features. While the deposition of 
calcium is usually most prominent in the cortex, there is also frequent 
and sometimes severe involvement of the papillae. Randall and 
co-workers described production of the characteristic lesion in a 
papilla by administration of parathyroid extract to a dog. 

The experimental work of Chown, Lee and Teal showed how the 
small calculi within kidne3^ tissue ma3’’ be formed. The3'^ described 
extension of peritubular calcium masses into the lumens of tubules in 
rats given parath3a-oid extract. “The epithelium overlying calcium might 
be seen to protrude a little into the lumen. B3'' degrees it advanced, the 
calcium close behind. The tubules dilated like a celomic cavity. The 
solid cord of calcium carried the tubular epithelium before it, as fetal 
gut carries peritoneum ; behind it the epithelium formed a mesentery. 
The mesenter3'^ disappeared, leaving a small, solid, calcium-filled, epi- 
thelial tube or ball lying free in a larger tube.” Anderson described 
a similar process in a case of h3'perparathyroidism with renal calculi in 
man. 

There is general agreement that persons suffering from renal lithiasis 
deserve to have the possibility of h3^perparath3U-oidism investigated. 
Barney and Mintz emphasized that in patients with h3^perparathy- 
roidism and renal calculi who had been treated successfully by surgical 
operation stones did not recur. 

Coimnent . — Certain other conditions occasionally produce calcium 
deposits in the kidney and may result in a renal lesion similar in this 
respect to that of h3fperparathyroidism. Certain skeletal diseases, such 
as multiple myeloma, have produced renal calcium deposits. Experi- 
mental administration of excessive amounts of vitamin D has produced 
very similar renal lesions, but no well authenticated cases of such lesions 
following administration of this Autamin in man liaA^e been described. 
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The renal lesions in multiple myelomatosis have been studied by 
Geschickter and Copeland^®'’ Perla and Hutner and Forbus and his 
associates.®® Perla and Hutner stressed the presence of nephrosis and 
calcium deposits in the renal tubules. This localization is apparently 
dependent on the degenerative changes associated with increased con- 
centration of calcium in the tubular urine. The obstructive features, as 
stressed by Forbus in his consideration of this lesion, have already been, 
mentioned; in this lesion they seem dependent on protein casts rather 
than on calcium casts as in hyperparathyroidism. 

There is some confusion regarding the changes which may be pro- 
duced in the kidney by experimental hypervitaminosis D. Much of the 
early work was done with preparations which contained a large propor- 
tion of other sterols (e. g., toxisterol) more toxic than calciferol. As a 
result, it is uncertain whether many of the lesions described were due 
to vitamin D or to toxisterol. Considerable doubt may be felt about the 
cases of death in infancy due to hypervitaminosis D as reported by 
Putschar and by Thatcher While the exact dose of vitamin D in 
these cases cannot be estimated accurately, it does not seem to have been 
of an order that has been found toxic with the recent pure forms of 
vitamin D. Calcium deposits such as those described in these cases 
have been shown by Anderson to be not uncommon in infants, in 
association with a variety of conditions. 

The renal lesions produced by hypervitaminosis D have been 
described by many authors, among whom may be mentioned : Spies and 
Glover ; Gough, Duguid and Davies ; Reed, Dillman, Thacker and 
Klein,^^® and Duguid.®^’’ A degenerative lesion (nephrosis) and calcifi- 
cation both occur, but the two appear to be largely independent. The 
calcification frequently affected tubular basement membranes and glo- 
merular capsules, as well as tubular epithelium. In late stages the renal 
lesions of experimental hypervitaminosis D and hyperparathyroidism 
may bear a striking resemblance. This suggests that either vitamin D 
exerts its effects on calcium metabolism by way of the parathyroid 
glands or the disturbance in calcium metabolism in the two conditions 
is the main factor in the production of the renal lesions. The question 

109. Geschickter, C. F., and Copeland, M. M, : Arch. Surg. 16:807, 1928. 

110. Perla, D., and Hutner, L.: Am. J. Path. 6:285, 1930. 

111. Putschar, W. ; Ztschr.- f. Kinderh. 48:269, 1929. 

112. Thatcher, L. : Edinburgh M. J. 38:457, 1931. 

113. Spies, T. D., and Glover, E. C. : Am. J. Path. 6:485, 1930. 

114. Gough, J.; Duguid, J. B., and Davies, D. R.: Brit. J. Exper. Path 14* 

137, 1933. ■ ' 

115. Reed, C. I.; Dillman, L. M.; Thacker, E. A., and Klein R I • T 

Nutrition 6:371, 1933. ’ 
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as to whether or not vitamin D produces its effects by way of the 
parathyroid glands has been thoroughly discussed recently by Best and 
Taylor and by Shelling °° and will not be reviewed here except to say 
that the weight of evidence appears to be against this hypothesis. If, 
then, two conditions produce by independent methods similar distur- 
bances in calcium metabolism and also produce similar renal lesions, it 
•suggests that in hyperparathyroidism the disturbance in calcium metabo- 
lism may be the essential factor in the production of the kidney disease. 

SUMMARY 

The parathyroid glands and the kidneys have a close functional rela- 
tionship. One of the first and most characteristic effects of the admin- 
istration of parathyroid extract is an increase in renal secretion of 
phosphate. Deficiency of renal function stimulates hyperplasia and 
hyperfunction on the part of the parathyroid glands. The actual 
stimulating factor is not definitely known but is probably some dis- 
turbance of calcium or phosphorus balance resulting from the renal 
deficiency. Parathyroid hyperplasia and hyperfunction are probably 
present in some degree in all cases in which there is deficiency of renal 
function. If the disturbance is severe and long continued, a clinical 
picture characteristic of osteitis fibrosa cystica, in adults, or renal rickets, 
in children, is produced. These conclusions have received both clinical 
and experimental confirmation. 

Hyperparathyroidism may produce renal lesions of a distinctive type 
and result in renal failure. Such hyperparathyroidism may be due to a 
localized adenomatous overgrowth of a single parathyroid or to a 
peculiar diffuse hypertrophy of all the parathyroids. The resulting dis- 
turbance in calcium metabolism appears to be the main cause of the 
damage in the kidney, though other factors may also have some part in 
the development of the renal disease. Calcium deposits in the kidney 
are the characteristic feature. In acute hyperparathyroidism the calcium 
may be mainly intratubular, but in chronic hyperparathyroidism it is 
interstitial and peritubular and is accompanied by interstitial fibrosis and 
cellular infiltration. Damage to the kidney appears to be mainly the 
result of tubular obstruction. Renal calculus formation is very fre- 
quent and develops on the basis of parenchymal calcium concretion. 
Hyperparathyroidism is, however, the underlying cause of only a very 
small proportion of renal calculi. 

116. Best, C. H., and Taylor, N. B.: The Physiological Basis of Medical 
Practice: A University of Toronto Text in Applied Physiolog}', Baltimore, 
William Wood & Company, 1937, p. 1111. 
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Experimental Pathology and Pathologic Physiology 

Congenital Universal Insensitiveness to Pain. F. R. Ford and L. Wilkins, 
Bull. Johns Hopkins Hosp. 62:448, 1938. 

Three cases are reported in which there occurred in children between the ages 
of 7 and 8 years a congenital indifference to potentially painful stimuli, leading 
on one occasion to severe burns, multiple fractures and other serious injuries. 
Except for the disregard of pain, the authors were able to demonstrate no other 
evidence of disease or defect of the nervous system. They give various reasons 
for their belief that these children do not have true analgesia but present a defec- 
tive reaction to the crude sensation of pain which makes that sensation a matter 
to be disregarded. A small number of cases of a similar nature recorded in medical 
literature are mentioned. The authors are inclined to believe that such a condition 
represents a congenitally defective development in the sensory sj^stem which 
involves selectively the pain mechanisms and is comparable to congenital color 
blindness and similar conditions. Authors’ Summary. 

Regeneration of the Malarial Spleen in the Canary After Infarction 
AND After Burning. W. Bloom and W. H. Taliaferro, J. Infect. Dis. 
63 : 54 , 1938 . 

Infarcts of varying sizes occur sporadically in the spleens of canaries heavily 
infected with Plasmodium cathemeriuni. They are essentially hemorrhagic and 
are associated with propagating thrombi in tlie splenic veins, which generally 
extend from tlie capsule toward the hilus. They probably result from the malarial 
infection, as all attempts to associate them with bacteria, viruses or intravenously 
injected india ink have failed. 

Practically all such infarcted areas become completely regenerated, as ascertained 
by laparotomy and by microscopic examination of the tissues. (Less than 1 per 
cent show permanent scars.) The first stage in the repair and regeneration is the 
appearance of macrophages between the health}' and necrosed tissue. The macro- 
phages arise from the reticular cells, macrophages and lymphocytes of the adjacent 
healthy tissue and from hematogenous agranuloc 3 'tes (lymphocytes and monocytes). 
The inflammatory process continues until a young scar is formed containing many 
spindle cells (fibroblasts) and macrophages. This scar is then infiltrated with 
lymphocytes, which migrate from the healthy spleen and blood vessels or arise 
in situ by transformation of spindle cells (fibroblasts) into large lymphocytes and 
by proliferation of local medium-sized and large lymphocytes. Nests of proliferat- 
ing lymphocytes associated with the smaller arteries give rise to new nodules, 
and the fibroblasts of the scar become the reticular cells of both the red and the white 
pulp. The venous sinuses of the red pulp arise from capillaries of the scar. The 
process is the same whether the infarct is small or large but is slower in the 
completely infarcted spleen, owing probably to the fact that in the latter, as all 
of the splenic tissue is dead, the necessary cells must be mobilized from the blood. 

The same type of complete splenic regeneration follows experimental burning 
of a tip of the spleen except that the speed of regeneration is slower, owing 
probably to the absence of the capsule, and there is greater e.xudation of heterophils 
during the early stage of the inflammation and of eosinophils during the late stage, 
that of repair. From Authors’ Summary. 
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Experimental Lead Nephritis. W. Eger, Virchows Arch. f. path. Anat. 299: 

654, 1937. 

One series of rats received 1 per cent neutral lead acetate solution subcutane- 
ously. These injections led after a few days to subcutaneous abscesses. The 
administration of the lead solution was interrupted until the abscesses healed. 
The longest duration of life was eight months. A second series received subcu- 
taneous injections of a dilute solution of basic lead acetate; the longest duration 
of life was four and one-half months. In only two of the animals of the series 
was the kidney macroscopically reduced in size. Tubular nephritis was produced. 
In tills process the formation of intratubular concretions of lead played a part. 
Glomerular and vascular changes were not observed. q y. Schultz. 

Effects of Parenteral Introduction of Protein and Nonprotein Colloids. 

H. Heinlein, Virchows Arch. f. path. Anat. 299:667, 1937. 

The protein substances used in these experiments were caseosan (a product 
that is essentially a 5 per cent solution of casein), horse serum and killed growths 
of the dysentery bacillus. The nonprotein materials used were trypan blue, 
thorium dioxide and colloid preparations of copper, bismuth and silicon. Rabbits 
were used. The material was injected into the ear vein over a prolonged period 
at intervals that did not lead to shock. Following the injection of the protein 
substances, parenchymal damage extending to localized necrosis and final fibrosis 
was observed in the liver and myocardium. Ivlore striking was the inflammatory 
reaction in the arteries of tiie lung, heart, kidney and liver. This consisted in 
subendothelial proliferation of histiocytes, lymphocytic infiltration of the adventitia 
and fibrinoid swelling of the media. This panarteritis, which may simulate closely 
the histologic picture of periarteritis nodosa, is similar to the hyperergic inflamma- 
tory reaction of specifically allergic animals. It is probably due in each case to 
the action of protein split products. Following injection of the nonprotein colloids, 
the inflammatory reaction varied in severity with the toxicity of the substance 
and the degree of vital storage by the reticuloendothelium. Injury to endothelium 
caused Increased capillary permeability and serous inflammation. Other changes 
were similar to but not so marked as those elicited by the proteins. Protein split 
products derived from host tissues by the action of the injected nonprotein material 
are believed to be a factor in this part of the inflammatory reaction. 

O. T. Schultz. 


Pathologic Anatomy 

Vital Staining of Connective Tissues. L. S. King, J. Exper. Med. 68:63 
1938. 

Trypan blue injected intravenously is bound almost at once by the intercellular 
connective tissue elements all over the body — ^by collagen, reticulin and elastic 
fibers. This union of dye and tissue elements is the factor responsible for the 
early macroscopic blue color and is antecedent to cellular colloidopexic action. 
Different specimens of connective tissue differ among themselves in their ability 
to hold the dye. Diffuse staining of elastic fibers, noted by previous observers, 
IS merely a special example of the general affinity of connective tissue for the 
dye. Tlie evidence suggests that histiocytes are cells specialized to segregate 
uoxae that become diffusely bound to the intercellular connective tissue matrix. 

From Author’s Summary. 

Effect of Obliteration of Efferent Seminal Passages on the Testis 
P. Richter, Virchows Arch. f. path. Anat. 300:225, 1937. 

The permeability of the efferent seminal passages was investigated in 525 
necropsies on adult males in the course of a year. In 5 of the subjects there 
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was unilateral obliteration of the vas deferens. In 18 there was occlusion of 
the epididymis, associated three times with obliteration of the vas on the same 
side. In 5 subjects the epididj'mis was occluded on both sides, and in a sixth 
there was occlusion of one epididymis and of the opposite vas. Thirty-five sterile 
marriages were recorded for the subjects examined; in only 4 of the men whose 
marriages were sterile was there bilateral occlusion of the efferent seminal pas- 
sag-es as the result of previous gonorrhea such that it could cause sterility. 
This gives an incidence of 10 per cent, as compared with the usually stated 30 
per cent, in which bilateral involvement in the male could be blamed for a sterile 
marriage. In no instance, whether the obliteration was unilateral or bilateral, 
was any distubance of spermatogenesis observed unless it was occasioned by the 
general state or illness of the subject. In unilateral involvement no difference 
in spermatogenic function was observed in the two testes. In 50 of the 525 sub- 
jects spermatozoa were not found in either seminal vesicle, an observation which 
evidently was the result either of obliteration more distally situated or of chronic 
inflammation of tlie vesicles. The presence of spermatozoa in the seminal vesicles 
of the remaining subjects speaks against the view that the tail of the epididymis 
is the only place of storage of spermatozoa. q <p Schultz 

Vexous Stasis of the Mvocardium. A. Thf.len, Virchows Arch. f. path. 

Anat. 300:243, 1937. 

A discussion of the venous circulation of the heart and of the ways in which 
it may be impeded precedes a report of a study of 110 hearts selected from a 
total of 1,000. Myocardial venous stasis is evidenced by a red or brownish red 
color of the muscle, by escape of droplets of blood from the engorged veins of 
the cut surface and histologically bj' engorgement of the veins and capillaries. 
Stasis is brought about by interference with the pulmonar 3 ’' circulation leading to 
stasis and increased pressure within the right chambers of the heart. With lesser 
degrees of involvement of the pulmonar3' circulation, C3'’anosis of the myocardium 
may develop acutel 3 '’ from sudden strain of the right side of the heart. Poor 
circulation through the coronar 3 ' arteries leads to stasis, and frequent^’’ the con- 
dition is seen in the myocardium in elderly persons. Hypertrophy of the left 
side of the heart is not usualb" associated with passive h 3 'peremia. Passive con- 
gestion leads to fatty change and edema of the myocardium. 

O. T. Schultz. 

Fibrinoid Degeneration of Connective Tissue. E. Bahrjiann, Virchows 

Arch. f. path. Anat. 300:342, 1937. 

In a study of fibrinoid degeneration of inflamed tissues Bahrmann found the 
silver method of the Oliveira helpful. The process is not the result of swelling 
and homogenization of the connective tissue, with disappearance of the fibrils, 
as claimed by Neumann, nor to swelling of the collageous ground substance, as 
claimed by Klinge. The fibers become condensed and compressed. This gives 
them a density on which the optical properties and the staining reactions of both 
fibrin and the' degenerated tissue depend. Other fibers are swollen as the result 
of imbibition of fluids containing the soluble precursors of fibrin. Both conden- 
sation and swelling may be present at the same time, and transition of one process 
to the other is evident. Separation of the fibrils of the collagenous tissue by 
the imbibed fluid causes the fibrils to become argentophilic. 

0. T. Schultz. 


Hepatosis and Icterus. La Manna, Arirchows Arch. f. path. Anat. 300:398, 
1937. 

La Manna includes under the designation “hepatosis” the various parenchi- 
matous degenerative changes that are not part of the inflammatory reaction 
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taken for other purposes, corpora amyJacea were frequently seen. In the auditory 
nerve the bodies are localized to the region of the glial septum between the 
central and the peripheral portion of the nerve. A systematic study of this portion 
of the auditory nerve in persons from 50 to 95 years old was undertaken with 
the aim of determining the origin of the corpora amylacea. In many instances 
the root of the seventh nerve was also investigated as a control. Tlie bodies 
appear first as globular swellings of the ends of regenerating axis-cylinders or 
of split degenerating neurofibrils. The fibrillary glia forms a capsule about each 
enlargement, which loses its connection with the rest of the axis-cylinder. Pro- 
liferated sync 3 dial glia about regenerating axis-cylinders also takes part in the 
formation of corpora amylacea. Their formation is a phenomenon of senility; 
local arteriosclerotic changes have an important part in their formation. 

O. T. Schultz. 

Early Renal Changes in Toxic Nephrosis. C. Coronini, Virchows Arch, 
f. path. Anat. 300:594, 1937. 

As an early change in toxic nephrosis Coronini describes swelling of the 
afferent vessel of the glomerulus and of the stalk of the glomerulus. Mesen- 
chymal proliferation was observed in tliis region. Although the changes described 
might be considered a part of an inflammatorj'- reaction, he holds them to be 
noninflammatory — an evidence of mesenchymal injury in toxic tubular nephrosis. 

O. T. Schultz. 

Relation of Chronic Intracranial Pressure to Fatty Change of the 
Liver. E. J. Kraus, Virchows Arch. f. path. Anat. 300:617, 1937. 

In previous publications Kraus had shown that increased intracranial pressure 
of sufficiently long duration, due to a wide variety of causes, was associated with 
hypertrophy of the hj^ophysis if the integrity of the midbrain had not been 
destroyed by the pressure. Because of the relation of the hypophysis and mid- 
brain to metabolism he made a systematic study of the liver in 36 cases of chronic 
intracranial pressure. In 80 per cent of tlie cases the liver revealed the presence 
of fatty change. Characteristic of the latter was its central location. The cases 
studied are divided into nine groups, according to the degree of fatty change 
and its spread from the central zone to the intermediate and peripheral zones 
of the lobule. The fat was present in the form of large droplets or in that of 
verj’- fine droplets; most often large and small droplets were intermingled. In 
71 per cent of 33 adults the hypopliysis was enlarged. The hypertrophy was not 
associated with any specific type of cell. The chief cells were most often increased 
in number, and in males this increase was associated with an increase in the 
number of basophilic celts. The fatty change of the liver bore no relation to the 
nutritional state of the patient and was not associated with any of the diseases 
that usually lead to fatty change. The process is held to be due to the influence 
of the hypophysis and midbrain on metabolism. In many cases the adrenal 
cortex was hyperplastic and contained an increased amount of lipoid. This is 
ascribed to increased formation of corticotropic hormone by the anterior lobe of 
the hj’-pophysis. O. T. Schultz. 

The Structure of the Basement Membrane. K. Muto, Virchows Arch. f. 
path. Anat. 300:652, 1937. 

Muto defines basement membrane as the homogeneous layer which divides 
connective tissue externally from epithelium and internally from^ capillaries and 
muscles. Whether the membrane is fibrillary or homogeneous is controversial. 
Muto’s observations are based on the use of various staining methods, especially 
the silver impregnation methods. He conceives the basement membrane to be 
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The spread of the infection in the mouse follows multiplication of the organ- 
isms in the peritoneum, from which the gonococci invade the blood stream. After 
removal of the peritoneal focus, the organisms disappear from the blood stream. 

In current chemotherapeutic studies on gonococcus-infected mice it was found 
that feeding of sulfanilamide protects mice only when larger doses of this drug 
are administered than are necessary for subcutaneous injection. When 25 mg. 
of sulfanilamide was either fed or injected subcutaneously, an average of 65 per 
cent of the infected mice were protected. Authors’ Summary. 

Pulmonary Schistosoaiiasis. A. F. B. Shaw and A. A. Ghareeb, J. Path. & 
Bact. 46:401, 1938. 

In 282 autopsies on Eg 3 'ptians suffering from schistosomiasis, pulmonary 
lesions due to ova were found in 33 per cent. The toxic effect of the ovum 
is shown by necrosis of the tissue in its vicinity. The amount of necrosis varies 
and possibly depends on the degree of allergy at the time of invasion. The 
tissues may respond to the presence of ova by reactions other than the formation 
of tubercles, and it is suggested on the basis of the histologic evidence that the 
number of ova, reinfection, immunity and allergy may all play a part in deter- 
mining the t 3 'pe of response. The ova reach tlie lungs as emboli and become 
impacted in tlie arterioles which accompan 3 '’ the respirator 3 ' bronchioles, pro- 
ducing a specific actively necrotizing arteriolitis. After necrosis the ovum 
escapes tlirough the wall of the vessel, and a parench 3 ’matous tubercle forms 
near the respiratoiy bronchiole. It is suggested that the ovum secretes an anti- 
coagulant, as it never excites thrombosis. 

The number of ova is of primar 3 '- importance in judging the effect on the 
pulmonary tissue. In 86 per cent of the cases only a few had entered the lungs, 
and the only lesions present were parench 3 ’matous tubercles. Embolic ova were 
rarely seen in these cases. In cases of heavier infection, vascular lesions as well 
as parenchymatous tubercles were present, and embolic ova were frequent. 

Healing of the acute vascular lesions leads to obliterative arteriolitis, often 
followed by canalization of the occluding tissue. The new-formed capillaries 
hypertrophy, producing a structure characteristic of pulmonary bilharziasis, to 
which the authors give the name “angeiomatoid.” The vascular changes are 
focal in distribution. The 3 ’' arc unassociated with cardiac hypertrophy or signs 
of congestive heart failure. Massive and repeated infection of the lungs is fol- 
lowed b 3 ’’ widespread arterial changes, hypertroph 3 ’ of the right ventricle and 
development of the cardiopulmonary features of Ayerza’s disease, with death from 
congestive heart failure. The severity of the disease is largeb’’ due to repeated 
reinfection of healing or healed lesions. The gross appearances of tlie lungs are 
specific only when ova of reinfection fail to complete their migration through 
the thickened arterioles, with development of tubercles in the walls. At a later 
stage, when the specific lesions heal, only the effects of long-standing arterial 
obstruction are evident, and to the naked eye the appearances do not differ from 
those in Ayerza’s disease due to other causes. Microscopically, however, the 
bilharzial origin can be recognized by the characteristic angiomatoid structure, 
even although all the ova may have disappeared. The lungs are the seat of 
chronic passive congestion without hemosiderosis. Two and one-tenth per cent 
of all cases of schistosomiasis and 6.3 per cent of the pulmonar 3 ' cases are 
instances of Ayerza’s disease of bilharzial origin. Reasons are given for believ- 
ing that the latter disease is a common complication in Egypt and other countries 
where bilharziasis is endemic. Ova of Schistosomum haeinatobiurn (58 per cent) 
are more common in the lungs than ova of Schistosomum mansoni (31 per cent), 
but S. mansoni produces vascular lesions more often (54 per cent) than S. haema- 
tobium (19 per cent). The reasons for this are considered. Evidence is advanced 
to show that the passage of the ovum through the wall of the vessel^ is due to 
necrosis produced by a toxic action of the embr 3 ''o, the spine pla 3 dng little or no 
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part in the process. It has been shown that the ovum can escape through the 
wall under conditions in which the size of the vessel and the absence of contrac- 
tility make it impossible for the spine to exercise the piercing function attributed 
to it by the mechanical theory. Worms were present in the lungs in 3.6 per cent 
of the series and in 10.5 per cent of the pulmonary cases. Either S. haematobium 
or S. niansoni may occur. The worms reach the lungs by the pulmonary artery 
and are usually arrested as riding emboli at the bifurcation of a vessel. Although 
bathed in venous blood, they die rapidly. While alive, they produce no struc- 
tural changes, but the dead worm is highly toxic, causing necrosis of the artery 
and acute focal necrotizing pneumonia. Later the pneumonic exudate is absorbed 
and cicatrized, but the defunct worm becomes calcified and enveloped in scar 
fi^sue. From Author’s Summary. 


Immunology 

Tubcrculosis in Allergic and Desensitized Guinea Pigs. H. S. Willis and 
C. E. Woodruff, Am. J. Path. 14:337, 1938. 

A study of histologic sections from the lungs of desensitized guinea pigs 
revealed extensive disease with an overwhelming accumulation of acid-fast bacilli. 
No definite tubercle formation was seen in sections of the liver and spleen. Lesions 
occurred in the kidneys and blood vessels of both the desensitized and the control 
animals. It is suggested that the lack of allergy was responsible for the free 
and unrestrained growth of tubercle bacilli in the lungs of the desensitized guinea 

P’S®- From Authors’ Summary. 


.\cTivE Immunization of Nurses AgxMnst Scarlet Fever. E. H. Place, Am. 

J. Pub. Health 28:137, 1938. 

Toxin immunization of nurses, when carefully done, largely abolishes evidence 
of scarlet fever in them during their training in the handling of patients with con- 
tagious diseases. There is no evidence that the disease is still occurring in 
unrecognized form. From Author’s Summary. 


Nasally Instilled Poliomyelitis Virus. A. B. Sabin and P. K. Olitsky, 
J. Exper. Med. 68:39, 1938. 

With a method of intranasal instillation of the virus of poliomyelitis that brings 
about infection of all rhesus monkeys subjected to it, Sabin and Olitsky undertook 
a study of the fate of nasally instilled virus in normal and in convalescent, immune 
animals. Control experiments revealed that the nasal mucosa of normal monkeys 
contained no observable antiviral factors and that when 5 or 10 minimal cerebral 
infective doses were added to the mucosa, the virus could be detected by the pro- 
cedure employed. In the olfactory bulbs even a single infective dose could be 
recovered, since suspensions of both bulbs could be transferred to the brain of a 
monkey without any loss of material. After nasal instillation in normal monkeys, 
the virus disappeared quickly (within four hours or less) and could be recovered 
neither from the excised nasal mucosa nor from the olfactory bulbs during the 
first forty-eight hours. At seventy-two hours, just before or coincident with the 
first rise of temperature, it was found in very small amounts in the nasal mucosa 
and for the first time* also in the olfactory bulbs. At ninety-six hours, at least 
three days before the appearance of nervous signs, while virus continued to be 
present in considerable amounts in the olfactory bulbs (and presumably elsewhere 
in the central nervous system), none was detected in the nasal mucosa. In con- 
valescent, immune animals receiving intranasally the same strain of virus which 
caused the original infection, none could be recovered from the nasal mucosa or 
central nervous system at four hours, one, two, three, four, five and seven days. 
The bearing of these observations on the problem of host to host transmission 
«i the virus of poliomyditis is discussed. Auihous' Summaiv. 



788 


ARCHIVES OF PATHOLOGY 


The Immunologic Behavior of Serum Globulin. J. Marrack and D. A Duff 
B rit. J. Exper. Path. 19:171, 1938. 

The behavior of the water-soluble and insoluble fractions of serum globulin 
and antiserum to whole serum globulin has been investigated quantitatively. Tlie 
results suggest that these fractions are not present as such in the whole globulin. 

Fro.m Authors’ Su.m.makv. 

Combination of Vaccinia with Antivaccinial Serum. M. H. Salaman, 
Brit. J. Exper. Path. 19:192, 1938. 

Suspensions of vaccinal elementary bodies treated with antivaccinal serum 
suffer a reduction of infective titer. This reduction persists after all free serum 
has been removed. The reduction of infectivitj' is not the result of agglutination 
of the elementary bodies. The results recorded are consistent with the h 3 'pothesis 
which has been advanced for other serum-virus systems, that under constant con- 
ditions a given quantity of antiserum inactivates a constant percentage of any 
dose of virus on which it acts. Author’s Summary. 

Production of Anti-N Immune Serums in Rats. S. Olbrich, Ztschr. f. 
Immunitiitsforsch. u. e.xper. Therap. 91:242, 1937. 

Rats inoculated with human red cells NO yielded serums agglutinating human 
red cells in dilutions varying from 1:40 to 1 : 320. Absorption with red 
cells MA gave specific and usable anti-N testing fluids. Attempts to produce 
anti-M serums failed, and, strangely, from serums of rats inoculated with MO 
red cells, anti-N testing fluids could be prepared by absorption with M red cells. 
It cannot be decided whether the readiness to produce agglutinins against the 
property N and the failure to produce tliem against M are due to the serologic 
structure of the rat or to the antigenic properties of the human red cell. The rat 
shows a similar readiness to produce antibodies against the blood group A and 
not against B. I Davidsohn. 

Distribution of Blood Group Factors in the Tissues. V. Friedenreicii and 
G. Hartmann, Ztschr. f. Immunitatsforsch. u. exper. Therap. 92:141, 1938. 

Some persons eliminate their blood group factors in certain secretions (gastric 
juice, saliva, bile, sperm and urine) ; others do not. The original explanation of 
this as due to secretion from the blood is invalidated by the finding in glands and 
tissues of eliminators of large amounts of blood group substances as compared 
with traces only or complete absence of such substances in the corresponding 
tissues of noneliminators. In the former group the largest quantities of the group 
factors (A, B and O) were found in the stomach, submaxillary glands, pancreas 
and gallbladder; the smallest amount, in the testicles and in the blood. A calcu- 
lation showed that the quantity of the group factors in the gastric secretion was 
five hundred times larger than tlie quantity available in the blood that reached the 
stomach during the estimated period. The group antigens are produced in the 
large glands and enter the secretions. I. Davidsohn. 

Serologic Differentiation of Homozygotes and Heterozvgotes in Groups A 
AND B. P. Dahr, Ztschr. f. Immunitatsforsch. u. exper. Therap. 92:180, 1938. 

Homozygotes of group Ai have the genotypic formula AA, heterozygotes the 
formula AO, homozygotes of group B the formula BB and heterozygotes the 
formula BO. Some normal beef serums have specific anti-0 agglutinins ; when 
these serums are absorbed with cells AiB, the anti-0 agglutinins decrease onlj' 
slightly, while a large majority of red cells of subgroups Ai and B remove a con- 
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siderably larger quantity of the anti-0 agglutinins, and cells of subgroup A- 
remove still more. The proportion of the Ai and B red cells which remove a 
great deal of the anti-0 agglutinins to those which remove about the same amount 
as do tlie AiB red cells is similar to the incidence of homozygotes, and hetero- 
2 }-gotes in blood groups A and B which can be expected according to the formulas 
of Bernstein. The degree of absorption of the anti-0 agglutinins in the beef 
serum corresponds, according to Dahr, to the quantity of the 0 factor in the 
genotypic formula. Dahr advocates further absorption studies with red cells of 
known genotypic formulas: AiAi, AiAj, AiAa and BB. Davidsohx. 


Tumors 

Effect of 1,2,5,6-Dibexzanthracene ox the Growth of Browx-Pearce Rabbit 
C.tRaxoMA. ]\I. Appel, A. A. Strauss, G. Kolischer and H. Necheles, 
Am. J. Cancer 33:239, 1938. 

In rabbits treated witli 1,2,5,6-dibenzanthracene the Brown-Pearce rabbit car- 
cinoma grew more rapidly and metastasized much more extensively than in con- 
trol animals. The metastases were more numerous, appeared earlier and were 
found in organs rarely involved in the growth of this tumor, as the spleen, thyroid 
gland, adrenal glands and myocardium. The proportion of “takes” and the pro- 
portion of deaths as a result of carcinomatosis were also increased in the treated 
animals. The increase in growth of the tumor is attributed to an increase in 
susceptibilit}' or to a change in predisposition to tumor growth brought about by 
1,2,5,6-dibenzanthracene. From Authors’ Summary. 

CARaxosAScoMA. 0. Saphir and A. Vass, Am. J. Cancer 33:331, 1938. 

One hundred and fifty-three cases of so-called carcinosarcoma are recorded. 
A critical review indicates that the carcinosarcomatous nature of tliese tumors is 
questionable. Perhaps only 3 or 4 of them may be designated as true carcino- 
sarcoma. A number of observations are given on tumors which were at first 
thought to be carcinosarcoma but which on more careful examination were inter- 
preted as primary carcinoma. In evaluating the seemingly sarcomatous features 
of the reported carcinosarcomatous growtlis, the following four complicating fac- 
tors which play a role in the alteration of the fundamental histologic appearance 
of the tumors must be considered: (1) variations of carcinoma cells, some of 
which assume spindle shapes and may be interpreted as cells of a spindle cell 
sarcoma, a factor particularly true of “squamous-cell carcinomas with transitional 
teatures”; (2) marked anaplasia of carcinoma cells; (3) chronic inflammation 
which leads to morphologic changes of tumor cells or produces much connective 
tissue, which may be regarded as part of a malignant connective tissue tumor, or 
provokes a lymphocytic reaction, sometimes taken as the lymphosarcoma com- 
ponent of the tumor, and (4) invasion of a benign connective tissue tumor by car- 
cinoma. Other instances of so-called carcinosarcoma are believed to be cases of 
sarcoma invading normal or metaplastic epithelial structures, the latter being 
interpreted as the “carcinomatous” elements. Authors’ Summary. 


High Ixcidexce of Sfoxtaxeous Mamviary Tumors ix Albaxy Straix of 
Rats. W. R. Bryax, G. H. Klixck Jr. and J. aL Wolfe, Am. J. Cancer 
33:370, 1938. 

_ A high incidence of tumors and low fertility have been noted simultaneously 
Jn females of the Albany strain of rats during the past eighteen months. The 
tumors have for the most part been of the benign fibroepithelial type. In addi- 
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tion, there have been observed: adenocarcinoma, adenoma and fibroma. Three of 
tlie fibroepithelial tumors djspla 3 ^ed the characteristic picture of intracanalicular 
adcofibroma. Aninoas' Summahy. 

Useful Methods for Routine Examination of Brain Tumors. N C Foot 

Am. J. Path. 14:245, 1938. 

Foot states that thus far diagnoses have been made of astrocytoma, polar 
spongioblastoma, glioblastoma of the multiform type, oligodendroglioma, and glio- 
blastoma arising from the adrenal region, with origin in the sympathetic nerves. 
The last-named tumor would have passed as an unusual form of carcinoma; in 
fact, it did until silver impregnations demonstrated the structure of the multipolar 
atrocytes contained in it. Their processes were practically unnoticeablc in the 
sections prepared with the hematox 5 din-eosin stain but were better shown in the 
trichrome sections, which led Foot to trj’- silver impregnation. With this they 
came out excellently. There is no reason, he says, why the combination of the 
methods set forth in this paper should not be equally good for ependymoma and 
those tumors having cells of a more immature tj'pe — so-called medulloblastoma 
and neuroepithelioma. He has found them excellent in the case of meningioma. 
Naturally, they are also applicable to tumors of peripheral nerves, with which 
they give splendid results, affording a means of accurate diagnosis. 

From Author’s Su.aimary. 

Comedo Carcinojia of the Breast. D. Lewis and C. F. Geschickter, Arch. 

Surg. 36:225, 1938. 

Comedo carcinoma occurs in two rather characteristic forms : diffuse and 
localized. The diffuse form presents some of the clinical features peculiar to 
intracanalicular myxoma. It grows slowly and involves the greater part of the 
breast; no isolated tumor can be palpated in the enlargement. Despite the size of 
the growth, there are frequently no palpable b'mph nodes. Small elevations in 
the skin may be found, which are caused by the protrusion of the epithelial plugs 
within the ducts. Not infrequentlj' a discharge from the nipple is noted. 

The localized form of the tumor is small, from 1 to 3 cm. in diameter. It is 
usually situated at the margin of the areola just beneath the skin and is freely 
movable. The axillary nodes as a rule are not involved. Not infrequently there 
is a 3 'ellowish or watery discharge from the nipple. The affected breast is slightly 
larger than the uninvolved breast. The tumor differs from intrac 3 '^stic papilloma 
and blue dome cyst in that it is relatively harder and more irregular. 

The age incidence of comedo carcinoma corresponds to the age incidence of 
other forms of carcinoma of the breast. The location of the comedo carcinoma 
suggests origin in the larger ducts. Retraction or fixation of the nipple occurs 
often, and occasionally the patient complains of burning and itching of the nipple, 
a symptom more common in Paget’s disease. The tumor is usually located near 
the skin, and atrophy of the overlying fat and dimpling of the skin occur. The 
tumor remains movable. Even when the growth is larger than a large grapefruit 
and involves almost the entire breast, there will be no fixation to the wall of the 
chest. Several tumors may be found in the same breast. Of all the forms of 
carcinoma of the breast, comedo carcinoma offers the most favorable prognosis. 
Five year cures were obtained in 85 per cent of the patients. The majority of 
the patients living more than five years after complete operation have remained 
well for ten 3 'ears or more. 

Transmission of the Rous Filterable Agent to Chemically Induced 

Tumors. E. Mellanby, J. Path. & Bact. 46:447, 1938. 

When a fowl carries a tumor of the type induced by chemical agents, such 
as dibenzanthracene or tar, and at the same time another tumor of the Rous 
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tvpe, i. e., of the type produced by a filtrable agent, the Rous factor passes into the 
chemically induced tumor but leaves it apparently unaffected. If the cells of 
such a chemically induced tumor are injected into a fowl, they produce a tumor 
of a structural type which can be propagated further only by inoculation of cells. 
If a cell-free filtrate of such a chemically induced tumor in a fowl bearing also 
a Rous sarcoma is injected into other, fowls, it produces, if it produces a tumor 
at all, a tumor of the Rous type. In two of many e.Kperiments cell-free filtrates 
made from the second generation of chemically induced tumors — i. e., tumors 
which themselves had no association witli a Rous sarcoma in the same fowl — 
produced Rous sarcoma (third generation) which could be propagated further 
by a cell-free filtrate. Cells of these chemically induced tumors, however, pro- 
duced other (third generation) tumors of the same type as those originally 
chemically induced and these gave no evidence of containing the Rous agent. 
In two experiments second generation dibenzanthracene tumors of fowls regressed 
and new tumors grew in their place. These new tumors had the character of 
the Rous sarcoma and could be readily propagated by cell-free filtrates. There 
is no good reason to believe that the presence of the Rous agent actually made 
the dibenzanthracene tumors regress, as such regression may occur rvithout the 
presence of Rous sarcoma in the same bird. Injecting the Rous filtrable agent 
into a dibenzanthracene tumor will not make it regress but may produce Rous 
sarcomatous tissue in it. It appears, however, that when regression takes place, 
the Rous agent exerts its effect and produces a second Rous tumor replacing 
the dibenzanthracene tumor. From Author’s Summ.^ry. 


Prevextiojt of ]\L\m.mary Cancer in Mice by Thyrotropic Pituit.ary Hor- 
mone. W. Cramer and E. L. Horning, Lancet 1:72, 1938. 

The thyrotropic principle of the pituitarj' has been used to prevent the develop- 
ment of mammary cancer in cancer-susceptible mice. The thyrotropic principle 
has also been used to prevent the changes in the pituitarj" and mammary glands 
of male mice caused by estrogen. These observations may prove of value in the 
treatment of cystic disease of tlie breast supposedly caused bj" estrogen. 


Cancer in Madagascar. G. Moustardier, Bull. Assoc, fran?. p. I’etude du 
cancer 27:24, 1938. 


Cancer is not as infrequent among the natives of Madagascar as was claimed 
by some previous writers. The author studied 87 tumors in eighteen months, 
all of them among the natives, Twentj’-five were benign; 14 of these were 
epithelial, 9 of connective tissue origin and 2 mixed. Sixt>"-one were malignant: 
45 of these were carcinoma, 11 sarcoma, 2 melanoma, 1 glioma, and 2 were 
embrj-onal tumors. The absence of tumors of the lips, tongue, mouth and 
pharj'nx was the more striking in view of the fact that such tumors are frequent 
m Europeans and are easily detected. Syphilis and smoking and chewing, which 
are commonlj' held responsible for some of these growths, are very prevalent 
on the island. The proportion of cases of sarcoma to cases of carcinoma (1:4) 
was higher than among the white races. The natives rarely reach the advanced 
age in which cancer is prevalent. Women were afflicted more often (37) than 
men (24); this is due to the great frequency of cancer of the breast and of 


cancer of the uterus. 


I. Davidsohn. 


A Melanotic Tumor in a Fish. R. P. Dollfus, J. Timon-David and M. 

Mosinger, Bull. Assoc, franq. p. Tetude du cancer 27:37, 1938. 

i^Ielanotic tumors occur quite frequently in fish ; in a series of L. Thomas, they 
were prpent in IS (57 per cent) of 270 tumors. The one reported now differed 
in certain essentials from all previously reported examples of melanoma. In a 
nsh belonging to the species Epinephelus gigas many tumor nodes were seen, the 
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largest the size of a walnut. Most of them were on the gills, but no part of the 
body was free from them, including the liver, spleen and peritoneum. Histologic 
preparations showed epithelial masses, mainly in the form of distinct round 
nodules, some with a periplieral zone of compressed cells. Degenerative changes 
were abundant and varied. Afassive accumulations of a brown granular pigment 
were seen. They seemed to be of a degenerative nature, but in the hepatic and 
splenic metastases the melanotic deposits were similar to those seen in true 
melanotic tumors. The authors believe that this is essentially an epithelial tumor 
the cells of which have acquired melanogcnic properties secondarily. 

I. D.widsohx. 

Tissue Culture of LViMPiioGRAxuLOMA (Hodgkin’s Disease). R. AIeier, 

E. PosERN and G. Weitzmann, Virchows Arch. f. path. Anat. 299:329,1937. 

In cultures lymphogranulomatous tissue grows more rapidly and more actively 
than normal b'mphoid tissue in vitro. Fibrocytes grow out from the explant and 
produce a fibrillated zone similar to that of normal lymphoid tissue. In this zone 
are small lymphocytes and larger round cells with granular cytoplasm. The latter 
are held to be pathologic large lymphocytes. There also appear in the culture 
many large giant cells, which arc often multinuclcatcd. They are at first homo- 
geneous and optically indistinct but undergo a sudden transformation which makes 
them less homogeneous and more readih’ visible. These cells are like the 
Sternberg-Reed giant cells of lymphogranulomatous tissue, but the authors do 
not definitely establish the observation that the tissue culture giant cells and 
Sternberg-Rced cells are identical. When normal lymphoid tissue and lympho- 
granulomatous tissue were grown side by side in the same culture flask no forma- 
tion of giant cells by or from the normal tissue was observed. The formation of 
the giant cells in tissue culture is a fixed and irreversible propert}' of the cells 
and is characteristic of hmiphogranulomatous tissue. It is a property similar to 
or identical with that of tumor cells. The authors think that the giant cells of 
the tissue culture are derived from endothelial cells. q -p Schultz. 

Benign Bronchial Tuiiiors. H. Hamperl, Virchows Arch. f. path. Anat. 300: 

46, 1937. 

In 1931 Geipel described as benign basal cell epithelioma 2 bronchial tumors 
and collected reports of 6 similar benign tumors from the literature. Hamperl 
describes minutely the gross and microscopic appearances and the clinical mani- 
festations of 9 benign bronchial tumors. These with Geipel’s 8 and others described 
in the literature bring the total to 32. Alost of them occurred in persons under 
50 years of age. There has usually been a long histor}" of respirator}' difficulty, 
indicating that the tumors usually arise at an early age. The usual clinical find- 
ings are those of localized bronchiectasis. The tumor may grow into the lumen 
as a polypoid growth or may grow within the wall of the bronchus, bulging either 
outward or inward. In 2 of Hamperl’s tumors the histologic picture was identical 
with that of mucus-secreting cylindroma, such as occurs especially in the salivary 
glands. The author derives these tumors from, mucus-secreting cells of the 
bronchial mucosa. Each of the other neoplasms had an invasive type of growth 
within the bronchial wall. They were, however, only locally invasive, did not 
invade surrounding tissues and did not metastasize. They were composed of solid 
cords and masses of cells of epithelial type, some tall, of the palisade type, others 
polyhedral. They also contained cells of the oncocyte type, which Hamperl has 
previously described in a variety of aging parenchymatous cells. Some of the cells 
secrete mucus, and some are arranged about narrow glandular lumens. Hamperl 
considers the structure and morphologic features of these tumors identical with 
those of the gastrointestinal carcinoid as described by Masson. He therefore terms 
them bronchial carcinoids. Hamperl admits the theoretic possibility of the develop- 
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ment of nialignanc}' in the two types of bronchial tumor described, but thus far 
satisfactory proof of their malignancy has not been adduced. The importance of 
clinical diagnosis, by roentgenographic, bronchoscopic and histologic examinations, 
is stressed. 0. T. Schultz. 

FoRii.’\Tiox OF Russell Bodies ix PLAS^rAcyTIc ^Multiple Myeloma. K. Apitz, 
Virchows Arch. f. path. Anat. 300:113, 1937. 

Different kinds of cellular degeneration products occurring in a variet)' of cells 
have been called Russell’s bodies. Apitz insists that the typical fuchsinophile 
body is formed only in the plasma cell. The latter must have the morphologic 
appearance described by Unna and must give the charactseristic pyronine-mcthyl 
green staining reaction. In a cj-tologic study of material in 14 cases of multiple 
myeloma, the formation of Russell’s bodies was observed in 4. In 2 instances the 
cells were tj-pical plasma cells, whereas in 2 the cells were immature. The pres- 
ence of fuchsinophile bodies in the latter establishes the plasmacytic character of 
these tumors and is considered proof that plasma cells may differentiate from 
myeloblasts. The formation of Russell’s bodies within the nucleus is described 
by Apitz. Neither chromatin nor nucleolar substance takes part in their forma- 
tion. Russell’s bodies are held to be the result of abnormal intracellular metabolism 
of protein. q_ Schultz. 


SnriL.'VRiTy of Cortical Glioma axd Pi.-\l Mexi.xgioma. H.-H. Meyer, 
Virchows Arch. f. path. Anat. 300:296, 1937. 

Four cases are described in which it was impossible to determine from the 
gross characteristics whether a tumor was a glioma that originated in the cortex 
of the brain and invaded the meninges or a meningioma that originated in the 
pia-arachnoid and invaded the brain. For meningioma the author prefers the term 
“arachnothelioma.” Microscopic examination after the use of special staining 
methods established that the tumors described were gliomas. One was astrocytoma 
and one astroblastoma. Two were glioma multiforme. The gross similarities and 
microscopic differences of cortical glioma, meningioma and meningeal glioma are 


discussed. 


O. T. Schultz. 


Medicolegal Pathology 

The Medicolegal Examixatiox of Hairs. B. M. Vaxce, New England J. Med. 
218:914, 193S. 

In general, the evidence which results from examinations of hair must be 
regarded as confirmatory. It should never be used unsupported by other proof. 
Tlie circumstances in each case must determine how valid will be the facts elicited 
by examination of the hair. The most fitting person to perform examinations of 
hair is a graduate of a medical school or a biologist of wide experience. The study 
of hair is a branch of histology of such complexity that long and painstaking 
application is required to master it. It is important that the scientist engaged in 
ftis pursuit should prepare numerous specimens of human and animal hairs, both 
m whole mount and in cross section and that he should make photomicrographs of 
the most tj-pical specimens for the purpose of ready comparison. 

From Author’s Summary. 

Pathologic-Axatomic Studies of So-Called Duret-Berner Hemorrhages. 
B. D.tHL, Deutsche Ztschr. f. d. ges. gerichtl. Med. 29:366, 1938. 

The investigations reported indicate that a deadly blow on the head results in 
immediate general distention of the veins and venules, the circulatory disturbances 
leading to edema in the inner organs. In the lungs and mesentery hemorrhages 
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occur. Simultaneously with the circulatory disturbances or even shortly before 
their onset, respiration ceases and cardiac function becomes superficial, rapid and 
irregular, and eventually stops. Such alterations occurring in death agony from 
other causes set in slowly, but in severe injuries of the head they occur almost 
instantaneously. The tonus of the blood vessels, especially that of the abdominal 
veins, disappears rapidly, and blood accumulates in these veins as the arteries and 
capillaries contract and empty themselves. Similarly, blood collects in veins of 
the brain, subjecting them to the possibility of rupture, especially on the cerebral 
surface and in the spongy subependymal tissue. These hemorrhages, therefore, 
are not the cause but the result of death. 

There is no destruction of ganglion cells following the rupture of agonally 
distended veins. Agonal hemorrhages are found regularly in the brain, in the 
pia and under the ependyma of the ventricles, also in the fourth ventricle. In 
hemorrhages of the fourth ventricle (Berner hemorrhages) it is impossible to say 
whether death resulted from trauma of the head or not. 

George J. Rukstinat. 

Cutaneous Markings from Plunges into Water. A. Ponsold, Deutsche 
Ztschr. f. d. ges. gerichtl. Med. 29:408, 1938. 

Definitely outlined longitudinal light streaks, bordered by raised red ridges, 
have been noted on the legs of persons striking water after jumping from high 
bridges. Sometimes the ridges are studded with hemorrhages. Similar but round 
spots may be found on the buttocks. In persons who survive such accidents, the con- 
dition increases in intensity for twenty-four hours, then gradually subsides. In about 
four days the skin changes vanish. Balazs expressed the belief that tlie alterations 
in the skin result from pressure by articles of clothing. Other observers were 
convinced that the longitudinal stripes are a projection of the long bones on the 
surface of the skin. There is anemia at the site of impact because the bones exert 
a pressure against the skin toward the outside. Because of local anemia in the 
zone of compression, the adjacent vessels arc overdistended and produce the red 
ridges. The red spots on the buttocks are projections of the foramina obturata. 
The shift of blood is a vital or agonal reaction and remains when death occurs 
quickly. The skin changes offer a method of determining the site of impact. 
Ponsold found the same dermal patterns on the body of a woman who fell from 
a third floor window to a brick sidewalk. George J Rukstinat. 

The Identification of Persons by Their Bites. Buhtz and Ehrhardt, 
Deutsche Ztschr. f. d. ges. gerichtl. Med. 29:453, 1938. 

Teeth, because of their hardness, usually are well preserved. Their character- 
istic arrangement, therefore, may provide identifying marks. The physiologic 
evolution of teeth furnishes the best gage of age up to 16 years. Later in life, 
the wear of teeth surfaces, the increased calcification of the root canal and the 
recession of the alveolar processes are roughly indicative of age. The smaller 
size of women’s teeth furnishes a suggestive but not infallible guide to age. 
Caries and discolorations of a characteristic type appear in candy makers, chemical 
workers and metal workers. 

The identification of a person from his bite is facilitated when gross anomalies 
are present in the position, form or number of his teeth. The records of dentists 
frequently are helpful, since they definitely localize fillings, crowns, bridges or 
extractions. Burglars have been identified by the impressions their dentures left 
on food in the place they burglarized. 

The methods employed to identify a person who has bitten another have hereto- 
fore not proved dependable. The authors believe they have a method which over- 
comes many of the difficulties. First, they take photographs of the bites in the 
victim’s skin by side illumination and accurately measure distances from the lens. 
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etc. Second, they make use of a phantom arm made of wood and covered with 
rubber. This is coated with an egg and flour batter, and the bites of suspected 
dentures on this arm are compared with the photograph of the wound of the victim. 
Third, diapositive films are made of the suspected teeth. The films may be super- 
imposed on the original picture or laid on white paper, for comparison. 

George J. Rxjkstinat. 

The Medicolegal Significance of the Cutaneous Elastic Fiber System. 

S. Okros, Deutsche Ztschr. f. d. ges. gerichtl. Med. 29:485, 1938. 

Okrds fixes skin in a stretched state so that the elastic fibers will be 
straightened and occur at regular intervals. The elastic fiber system of the skin 
has a static portion connected with the collagenic fibers and a parenchymatous part 
enmeshing the sweat glands, nerves and blood vessels. Because of the stocking- 
like investment of the papillae of the skin the subpapillary elastic fibers do not 
straighten and therefore do not lend themselves to study. 

In wounds produced during life, shortly after death and at periods up to ten 
days after death the changes that occur in the deeper layers of the cutis are con- 
stant. In stab wounds produced during life the meshes of the elastic net are torn, 
especially in the corners of the wound. The individual fibers are split, wound 
spirally and in places tied in knots. In the outer part of the wound oral swellings 
occur on the meshwork. These changes are proof that elastic fibers torn or cut 
during life retract, roll together and twist. Experimental wounds produced on 
the same body ten hours post mortem showed the elastic fibers retracted from 
their wound margins, but swelling, spiraling and twisting were absent. A wound 
made ten days after death showed only a little retraction of the fibers. 

In bullet wounds there are discontinuity of the fibers and shattering of tissue, 
due to explosive action. At the moment of entrance into the skin a bullet 
transmits its enormous kinetic energy through the tissues so that there is a ruptur- 
ing of the meshes not only in the wound but at a considerable distance from it. 

George J. Rukstinat. 

Traumatic Pneumopericardium. O. Berner, Virchows Arch. f. path. Anat. 
299:751, 1937. 

A 4 year old lad who had been struck by an automobile died within ten minutes 
after reaching a hospital. A moderate degree of subcutaneous emphysema was 
noted, but this had disappeared at the time of necropsy by the medical examiner, 
twenty hours after death. There was no emphysema of the mediastinum. The 
right pleural cavity contained blood and air, and the lung was ruptured pos- 
teriorly. The pericardial cavity contained air. There were no adhesions between 
the pleura and the lung at the site of rupture of the lung. The explanation 
offered is that the injury caused pneumothorax and compression of the chest, 
which forced air through the parietal pleura, leading to subcutaneous emphysema, 
and through the posterior part of the pericardium, where a rent 2 cm. long was 
found. There were no rib fractures that might have caused emphysema. 

O. T. Schultz. 
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Cavernous Transformation of the Portae and Splenic Veins. Amour F. 

Liber and Chester R. Brown. 

An apparently healthy white man, 20 3 'ears old, suddenly began to have hema- 
temesis, which repeatedly seemed to threaten his life. One year before death he 
had pneumococcic lobar pneumonia. The spleen became palpable. Anemia and 
thrombopenia were reported. Osteomj'elitis of the tibia appeared. No other focus 
of infection could be discovered. Following splenectomy there was no hematemesis 
for five months, but ascites developed (3,500 cc. of abdominal fluid). Omentopexy 
was performed. During this operation there was a “matted feeling” about the 
portal vein. The ascites disappeared promptly, but the patient succumbed to 
renewed hematemesis fourteen months after the onset of the sj^mptoms. 

The spleen weighed 530 Gnu Sections near the hilus showed localized thicken- 
ings of the intima of the large veins. Liver tissue removed at the first operation 
was normal. A specimen of liver taken for biopsj" at the second operation revealed 
lymphocytic infiltration and mild patclij" fibrosis of the portal spaces. 

Necropsy revealed large varices in the diaphragmatic portion of the esophagus. 
About the entire stump of the splenic vein and the initial 2 cm. of the portal vein 
was a large, fairly firm, very clastic mass of brownish pink tissue containing 
innumerable vascular spaces of all sizes, from a diameter of 5 mm. down to the 
limits of gross visibility. From several of these cavities small phleboliths could 
be shelled out. This spongy' mass measured about 5 cm. vertically and 15 cm. 
transversely. It e.xtendcd upward beneath the parietal peritoneum of the lesser 
sac to the level of the terminal portion of the esophagus, which it partially sur- 
rounded. The interior of the portal vein presented several small folds in the 
intima, which formed a loose network in the proximal centimeter of the vein, 
where the lumen was moderately narrowed. The splenic vein showed the same 
tj'pe of trabeculation. The intimal folds became more and more numerous and 
extensive toward the proximal end of the splenic vein. In many places the lumen 
was subdivided into four or five channels. Microscopically' the spongy' perivenous 
tissue revealed innumerable veins of varied sizes and irregular outline. Many 
contained thrombi in all stages of organization. Between the channels were thick 
septums of connective tissue, very' rich in elastic fibers, fat, nerves and small blood 
vessels of normal appearance. The intravenous trabeculae were made up of long 
bands of collagen and fibroblasts, between which were fine elastic fibers and 
numerous foamy lipophages containing isotropic material staining with scarlet red. 
At the point of implantation of a trabecula the internal elastica of the vein bulged 
out but was not interrupted. The underly'ing muscle layers were dissected by 
fibrosis. The liver showed very slight, patchy lymphocy'tic infiltration and fibrosis 
of the portal spaces. Near the base of the posterior aspect of the left lung was a 
subpleural mass measuring 3 cm. in diameter and having exactly the gross and 
microscopic appearance of the periportal tissue. This case poses once more the 
much discussed question whether cavernous transformation of the portal vein is 
a congenital anomaly or a canalized thrombus and collateral circulation. The 
presence of cavernous tissue in the lung suggests multiple vascular malformation. 
The lack of a favorable effect of splenectomy is of interest, since thrombocytemia, 
which Klemperer (Arch. Path. 6:353, 1928) stated is a contraindication to 
splenectomy, was not present in this case. 
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A second case was one of portal thrombophlebitis with multiple abscesses of 
the liver and portal cirrhosis. There was chronic pulmonari'- tuberculosis. The 
portal vein was divided into two unequal channels by a longitudinal septum. To 
the distal margin of the septum was attached a thrombus, well organized at its 
base but fresh and suppurating distally. The microscopic structure of tlie septum 
was similar to that of the trabeculae in the first case. An additional feature was 
patchy calcification. Here the relations suggest strongly that the single septum 
was a preexisting anomaly on which the thrombus was grafted. A similar septum 
without any thrombus was obser\-ed in the femoral vein by Gibson and Franklin 
(I. Aitat. 72: 128, 1937). Klemperer reported 23 cases of portal cavernoma, includ- 
ing a case of his own. The first case in his series was that of Kobrich. An older 
case has been found, reported by Verneuil (BnU, Soc. ami. dc Paris 28:246, 
1853). Since Klemperer’s report, S cases have been published in addition to those 
reported here. 

Dr. Maurice Richter supplied some of the material for the first case report. 

Broxchiol.\r Necrosis in the Newborn. Sheldon A. J.vcobson. 

A full term bo}' was born spontaneous^ at 2:40 a. m. He was given routine 
care and cried lustily. At 6 a. m. his general condition was good. Later in the 
mombg, however, cyanosis supervened, with labored respiration and retraction of 
the episternal notch. The diagnosis of atelectasis of the left side was made. 

Despite the use of an o.xygen tent and injections of alpha lobeline and 
epinephrine hydrochloride, the infant became progressively feebler, and he died 
hvelve hours after birth. 

Autopsy disclosed atelectasis of both lungs. Pieces cut from different parts 
of the lungs sank in water. Microscopic section showed most of tlie pulmonary 
tissue collapsed. In the alveoli were many squamous epithelial cells and other 
debris. The respiratory and terminal bronchioles showed widespread necrosis of 
their walls, but there was no necrosis of the adjacent areas of the lungs. There 
was no indication of an exudative or other reaction. 

The localization of the lesions and tlie absence of cellular infiltration speak 
against vascular occlusion or infection as etiologic factors. It is postulated that 
in the course of prenatal respiration (the occurrence of which is established by 
the intra-alveolar debris) the infant aspirated some of its own activated gastric or 
intestinal juice, which led to lysis. 

DISCUSSION 

Paul Klemperer: Was there fat in these bands? Did you stain for fat? 

Sheldon A. Jacobson: Fat staining w'as not done. There were no clear 
spaces. 

Paul Klemperer: I ask because I am not quite clear as to whether tlie 
changes obsetwed by Dr. Jacobson are identical with the hyaline bands which 
were described in the lungs of the newborn in a recent article. The author 
described hyaline bands in the newborn in 4 cases, and the bands in the illustra- 
tion not only resemble very much the hyaline bands which are found in cases of 
rheumatic fever but also in cases of chronic passive congestion of severe degree. 
His e.xplanation was that aspiration of amniotic fluid is responsible. However, 
what Dr, Jacobson assumes is, I think, possible. I remember an infant who died 
a few weeks after birth, following severe hematemesis, and there were similar 
lesions, but these were actually necrotic lesions and one could see aspirated gastric 
contents in this case. 

Irving Graef: I should like to confirm what Dr. Klemperer has just said 
and, in addition, mention the excellent work of Farber on hyaline membranes in 
the lungs of newborn infants. Before Farber, Johnson and Meyer described these 
findings in the lungs, together witli t>’pical epidermal cells, vernix caseosa and 
meconium, as commonplace in newborn and stillborn infants. The membrane 
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shown here resembles the hyaline membrane mentioned. I am not certain whether 
or not necrosis takes place beneath these membranes, but I have seen it quite 
frequently without any inflammatory response. It is* possible that, since the 
vernix is lipid, some lipolysis may take place and lead to chemical inflammation. 
Since the newborn infant’s gastric juice is virtually free from hydrochloric acid 
or lipase, it is unlikely that gastric contents play much of a role in pulmonary 
inflammation, when it is present. It seems to me that in cases of congenital 
pneumonitis more attention should be paid to the condition of the amniotic fluid 
and membranes. Often the physician studies the infant carefully and fails to go 
back to the study of the amniotic membranes as the possible source of infection 
or of leukocytes. 

Alfred Plaut ; I agree with Dr. Klemperer and Dr. Graef that in all prob- 
ability what Dr. Jacobson has shown is the same thing as the so-called hyaline 
layers. My colleagues and I see them quite frequently in our material from new- 
born infants, and, if 1 remember corrcctlj^, there is no direct connection with 
any pathologic condition in the mother. Wc also have seen them in the lungs 
of several adults, but never in the lungs of patients with rheumatic fever. It 
probably is just a coincidence that the membranes in the lungs of persons dying 
of hydrochloric acid poisoning are so very similar to these. Probably the two 
lesions are morphologically identical but of different genesis. 

Paul Klemperer; I am very glad that Dr. Plant says he did not find 
these hyaline layers in the lungs in rlicumatic fever. I have been trying to find 
them, and it may be recalled that a year ago there appeared an article by Mas- 
son in which he claimed these h3'aline mcinbrancs were characteristic of rheu- 
matic fever. I never believed it, but I must confess I have seen them in the lungs 
in rheumatic fever. However, I do not think they arc characteristic of rheumatic 
fever but are characteristic of a peculiar stage of chronic edema and inflammation 
in the lung in rheumatic fever. It interests me that Dr. Plaut has not seen these 
hyaline membranes in the lungs in rheumatic fever. 

Os^nMUS Findings in Chronic Renal Insufficiencv in Adults. Arthur M. 

Ginzler (by invitation) and Henry L. Jaffe. 

It is known that the parathyroid glands become enlarged secondarily in so-called 
renal rickets of children and in chronic renal insufficiency of adults. Our post- 
mortem observations confirm this knowledge. Furthermore, there is experimental 
evidence to support the hypothesis that the parathyroid hyperplasia is caused by 
the hyperphosphatemia that is a feature of these conditions. 

The pronounced osseous changes occurring in cases of renal rickets are well 
known and have been adequatelj’' described. E.xtensive osseous changes, have also 
been observed in a few cases of chronic renal insufficiencj', in which they have 
usually been denoted as “generalized osteitis fibrosa.” In these cases, there was 
pronounced enlargement of the parathyroids, such as one sees also in cases of renal 
rickets. Altogether, the osseous findings in these cases in adults may be regarded 
as the adult equivalent of those noted in cases of renal rickets of childhood. In 
the presence of such pronounced osseous changes, secondary hyperparathyroidism 
can safely be inculpated as a contributory causal factor. 

The cases with which we are concerned here, however, are those of chronic 
renal insufficiency in which there are bone changes not clearl}^ ascribable to 
parathyroid hyperfunctioning, even though associated with some degree of para- 
thyroid enlargement or at least microscopic hyperplasia. Our observations in 
regard to these cases ma3’' be summarized as follows : The bones, though usually 
not altered grossly, often reveal on microscopic examination mild but clearcut 
fibroporotic changes in the spongiosa. In these cases, the spongy trabeculae show 
scattered resorption lacunae containing osteoclasts and connective tissue, and some 
of them may also present, here and there, deposits of new bone. Occasionally 
and specifically when the renal insufficiency has been very protracted — the bones 
will be found even grossly altered. In these cases, the spongiosa is close meshed, 
and the trabeculae are thickened and distorted, so that altogether the condition 
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amounts to osteosclerosis. The microscopic observations indicate that tlie osteo- 
sclerosis has developed through gradual accretion of new bone, despite the alterna- 
tion of reparative with resorptive processes that must have been going on for a long 
time. 

Only Rutishauser and his associates have described osseous changes sometimes 
rising to the level of osteosclerosis in patients in whom secondary hyperpara- 
thyroidism was probably not an important factor in the development of the bone 
lesions. There is no experimental proof that the parathyroid hyperplasia in these 
cases is accompanied by hyperfunction. This fact, together with the mildness of 
the hyperplasia in our patients, convinces ns that the osseous changes described are 
probably not caused by the action of increased circulating parathyroid hormone on 
the bones. This conviction is strengthened by a comparison of these osseous changes 
with those in Recklinghausen’s disease. As noted, an increase in circulating para- 
thyroid hormone does seem to be a complicating factor in patients with pronounced 
enlargement of the parathjToids. In regard to tlie cases under discussion here, 
however, we feel that the osseous changes resulted from the chronic acidosis due 
to the renal damage, and specifically that demineralization of the skeleton followed 
the forced excretion of fixed base which is necessary to eliminate tlie acid end 
products of metabolism. 

DISCUSSION 

Paul Klemperer: These bone changes in chronic renal insuffidency have 
been noted by me for years. Aly associates and I have found the condition most 
striking in patients with malignant nephrosclerosis. I do not remember whether 
these patients had a longer period of renal insufficiency than usual. It is inter- 
esting that malignant nephrosclerosis, which is not an instance of long-standing 
renal insufficiency, should give rise to the same changes as illustrated here in 
chronic renal insufficiency. 

H. L. Jaffe : I think it is worth emphasizing that the osseous changes described 
(including the osteosclerosis) are not detectable roentgenologically in the living 
subject. Even when autopsy showed advanced osteosclerosis, the sagittally sec- 
tioned vertebral column when roentgenographed did not show any clearcut 
modification of the normal roentgen picture. 

Arthur M. Gixzler: We saw these changes in 1 of 3 cases of malignant 
nephrosclerosis examined, but it was our impression that the changes were most 
commonly observed in cases of chronic pyelonephritis secondary to prostatic 
obstruction, in which, perhaps the conditions for the development of long-standing 
renal insufficiency were most favorable. 

Histogenesis of Mamm.vry Carcinoma: A Study Based ox Key Block 

Sections of the Whole Gland. Harold Koppelman (bj- invitation). 

An adaptation of Fraser’s kev block method {Surg., Gvitcc. & Obst. 45:266. 
1927) was used in a study of 8 cases of cancer of the breast, under the direction 
of Dr. Irving Graef. Each complete breast dissected was cut into serial sections 
0-5 to 1 cm. in thickness, and after fixation an average of 34 key blocks were cut 
for microscopic study, their locations being marked on a drawing or photograph 
of the gross specimen for orientation of the features observed. For each specimen 
a schematic serial reconstruction was drawn, illustrating the gross anatomy of 
the tumor as checked by microscopic observation. This method provided a broad 
yet quite detailed view of each gland and yielded a series of observations which 
usually escape notice in the ordinary random review of breast material. 

The origin was in each case traceable to duct epithelium at some point con- 
fined within normal boundaries, usually an expanded c}’stic papillary lesion. 
Secondarj- spread occurred both within the ducts and through tlieir walls. I^Iultiple 
loci of origin were observed in 1 case and suggested in 3 others. Intraductal 
spread extended in 1 case for a distance of 5 cm. and was observed in 3 others 
at some distance from the primary growth. This mode of spread also accounted 
for the involvement of lobular (acinar) epithelium which occurred in 6 cases. 

Im-asive spread from the ducts outward was easih’ demonstrable, but invasion 
from cancerous acini was doubtful. The morphologic aspects of the invasive cells 
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gave no clue as to their origin from ducts or acini. Local invasion was often 
seen to be propagated by permeation through lymphatics, often periductal and 
perilobular in location, accounting for the common finding in random sections 
of nodules of invasive growth adjacent to normal ducts and for the equally com- 
mon occurrence of invasion of preexisting lobules sparing the epithelium of terminal 
ducts and acini. So-called histologic t 3 'pes of breast cancer, such as medullary, 
scirrhous and adenoid, appeared to be merely different tj'pes of invasive spread, 
coexistent in most of the cases, and probably dependent for their appearance on 
factors of pressure from the soil the cells invade. These histologic features, as 
well as the factor of anaplasia, which was seen to vary considerably in different 
areas, appeared to have no consistent correlation with prognosis. 

Clinically unsuspected multiple benign neoplasia was observed in 7 of the 
8 cases, including papillary growths, cyst formations, adenoma and fibroadenoma, 
but only the papillary growths (excluding papillary cysts of the so-called sweat 
gland type) seemed to be related to the origin of carcinoma. While the lesions 
of chronic cystic hyperplasia were present in 6 cases, in only 1 was malignant 
extension traceable to the papillary neoplasia, and in that case multiple foci seemed 
probable. 

The observations in this small series are consistent with the concept of the 
histogenesis of mammary carcinoma evolved from the similar but much more 
extensive researches of Cheatle (Cheatle, G. L., and Cutler, M; Tumors of the 
Breast : Their Pathology, Symptoms, Diagnosis and Treatment, London, J. B. Lip- 
pincott Company 1931), of Dawson (Edinburgh M.J. 40: 57, 1933; 42: 569 and 653, 
1935) and Fraser (Snrg.j Gynec. & Obst. 45:266, 1927). This concept recognizes 
tliat the epithelium of the breast is subject to some hyperplastic stimulus which 
may produce local or widespread benign neoplasia of various types. Papillary neo- 
plasia, at first benign, may progress to carcinoma from one or multiple foci of 
origin, from duct rather than acinar epithelium. This process parallels the devel- 
opment of carcinoma from mhltiple polyposis of the colon or stomach. While this 
appears to be the most frequent mode of histogenesis, primary malignant transfor- 
mation of duct epithelium directly, without passing through a benign papillarj' 
stage, is also possible and may account for the finding in a single case of a tiny 
area of intraductal cancer without the more usual picture of a distended cystic or 
papillary site of origin. This theory excludes squamous and transitional cell 
cancer, which are clearly related to the epithelium of the nipple. 

DISCUSSION 

Irving Gr.'VEf: This study was undertaken originally in an attempt to prepare 
a critique of the grading of mammary carcinoma. While severe criticism of the 
use of grading as a prognostic aid has been offered by some investigators^ — Dr. 
Plant himself severely criticized the procedure in a general review — ^no statistical 
and careful serial study has been published to bring out the inefficacy of using 
random sections to determine the growth characteristics of a tumor. Soon it 
was learned in Dr. Koppelman’s study that a great deal more may be said about 
the process when the whole gland is subjected to a simple macroscopic serial study, 
supplemented by the use of key blocks, which are simply those which represent 
the tumor and surrounding tissue. 


CHICAGO PATHOLOGICAL SOCIETY 

Katharine M. Howell, President 
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Edwin F. Hirsch, Seeretary 

Pathologic .\nd Etiologic Observations on an Intestinal Endemic of Nurs- 
lings. Ernest A. Pribraji. 

An intestinal endemic among newborn infants observed in the fall of 1937 
with extremely high morbidity and mortalit}' was caused bj' Aerobacter mucosum 
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(Friedlancler’s bacterium). The micro-organisms isolated from the intestinal con- 
tents in life, as well as at necropsy, and from the lungs and heart at necropsy 
were highly virulent for mice. The virulence could be demonstrated by injecting, 
as well as by feeding, the cultures. The virulence was considerably lower and 
was eventually lost in strains transplanted daily and continuously on plain agar. 
There was a marked decrease of virulence in strains planted in the same way on 
dextrose and also on lactose mediums. There was, however, no loss but rather 
a gain of virulence in cultures grown constantly on galactose agar. Virulence was 
commensurate with slimy character and capsule formation. Mice fed cultures 
grown on plain agar or on dextrose or lactose agar gradually overcame the infec- 
tion, whereas mice fed strains grown on galactose mediums had pure cultures of 
these bacteria in their stools ; the bacteria replaced the normal intestinal flora and 
caused malnutrition of the infected animals. Lactose in diets of newborn infants 
may aggravate an intestinal infection with A. mucosum. 

Serous Hepatitis, Hans P. Popper. 

This is a report of investigations made in collaboration with Eppingcr on 
serous inflammation. Capillaries are semipermeable tubes which retain the plasma 
proteins. The first manifestation of capillary damage is a loss of semipermeability 
with escape of proteins into the interstitial tissue. There the proteins, which are 
not reabsorbed by the blood capillaries and only gradually absorbed by the lym- 
phatics, bind water and cause edema. This process, called serous inflammation, 
is known to occur in serous cavities and subcutaneous tissue. The significance 
of it in the soft interstitial tissue of the large parenehymatous organs has only 
recently been evaluated (Eppinger and Roessle). 

Serous hepatitis is characterized by enlargement of the spaces between the 
liver cell cords and the blood capillaries, Dissc’s spaces. They become filled with 
protein granules, especially after fixation wdth a solution of glacial alcohol in 
absolute alcohol. In human livers serous hepatitis is often present, even after an 
agony of longer than usual duration, but it is especially marked in the livers of 
persons who died of infections, intoxications, coma or burns. In animals it can be 
produced by allylformiate, a representative of substances isolated from purulent 
exudates or spoiled meat. Serous hepatitis can be produced in many of the- 
lower animals — for example, in the salamander. The development depends on 
the size of the rcticulofibrous net in Disse’s spaces. In man or dogs the space 
is large; in rabbits or guinea pigs it is small, and therefore in these animals the 
tendency to serous hepatitis is not marked. In acute intoxications of dogs, besides 
the changes of Disse’s spaces, there is edema of the periportal fields and of the 
gallbladder bed, both having lymph vessels with an abundance of fluid. All three 
signs together form the triad of serous hepatitis. 

To study the consequences of serous hepatitis, dogs were chronically intoxi- 
cated with allylformiate. After peroral or peritoneal introduction the effects were 
much severer than with subcutaneous injection. As quickly as twenty-four hours 
after administration of the drug there was complete destruction of the periphery 
of the lobules with rupture of the rcticulofibrous framework. These ruptures, the 
severest degree of capillary damage, stimulated proliferations. Thus, finally a 
condition like cirrhosis developed in the course of two weeks. A cirrhosis very 
similar to that in man was produced in about six weeks by simultaneous use of 
small doses of allylformiate and bacteria intravenously. Then localized destruction 
of the periphery of the lobules appeared with formation of exudates and prolifera- 
tion of the connective tissue. The rupture and occlusion of the communication 
between the bile capillaries and ducts explain the obstructive jaundice and, further, 
the proliferation of the smaller bile ducts, which is a result of stimulation by the 
rupture and attempts to reunite. In the human pathologic process the complete 
triad of serous hepatitis is not common. It is typically present in beriberi and 
in catarrhal jaundice, as far as one can judge from the clinical and postmortem 
observations in one case. 
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Serous hepatitis is, because of the specific structure of the liver, the first 
response of the organ to an}’’ irritation, irrespective of the cause. Further than 
this, it may disappear entirely or it may be followed by destruction of the par- 
enchymatous cells or rupture of the framework built by the connective tissue 
(cirrhosis). 


Carcinoma of the Parathyroid Gland. Karl A. Meyer, Peter A. Rosi and 
Alex B. Ragins. 

Carcinoma of the parathyroid gland occurred in a Greek aged 56. The man 
had symptoms of hyperparathyroidism, such as pains in the bones and joints, a 
generalized fibrocystic disturbance of the bones, renal concretions, hypercalcemia, 
a decrease in the phosphorus of the scrum and an increase in the phosphatase of 
the blood. Removal of the tumor ameliorated the pain in the bones and joints. 
Roentgenograms demonstrated definite rccalcification of the fibrocystic tissues. 
The serum calcium and phosphorus and the blood phosphatase also reached normal 
levels temporarily. About one year after parathyroidectomy the pain returned, the 
serum calcium rose, the serum phosphorus fell and the serum phosphatase increased 
slightly. Roentgenograms disclosed increased fibrocystic changes of the bones. 
In the right side of the neck was a recurrent firm fixed mass. These late symptoms 
indicated persistent hyperparathyroidism. 


Recognition of Subgroup A; as a Means of Avoiding Blood Transfusion 
Reactions. I. Davidsohn. 

Clinical experience, as it is expressed in the literature, suggests that the selection 
of a donor according to the known methods does not assure the absence of reac- 
tion to a blood transfusion, that such unexpected reactions are not uncommon 
when donors of the same blood group as the patients are employed, especially 
when donor and patient are of blood groups O and A, and that the reactions are 
particular}' frequent when the so-called universal donors are employed. 

Available serologic data suggest that subgroups Ai and A:, AiB and AsB 
may not be compatible, that the subgroups As and AsB are not infrequently mis- 
taken for other blood groups, particularly for O and B, and that some reactions to 
blood transfusions, even fatal, are explained by tbe aforementioned circumstances. 
A high-titered, easily produced and highly specific immune rabbit serum enables 
a prompt recognition of blood group A, including the feebly agglutinating sub- 
group As. The proper dilution of the serum as determined by titration, makes 
possible a differentiation of subgroups As from Ai without delay. Both procedures 
may be completed within five minutes. 

This article was published in full in The Joumal of the American Medical 
Association (112:713, 1939). 


Katharine M. Howell, President 
Regular Monthly Meeting, Feb. 13. 1939 
Edwin F. Hirsch, Secretary 

In Vitro and in Vivo Action of Chronic Inflammatory Tissue on Certain 
Antigens and Antibodies. Katherine E. Hite. 

Bacteriologic and immunologic studies on chronic staphylococcic osteomyelitis 
demonstrated that some interaction occurs in the chronic lesion which markedly 
affects the immunologic aspects of this disease. The antihemolysin of the patient s 
serum, it was found, decreases during the chronic stages. In animals, the general 
effect of antigens and antibodies introduced into experimental fistulous tracts 
was significantly below that obtained when other routes of injection were used. 
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Typhoid vaccine introduced into the sinus tracts of patients failed to cause an 
increase in the agglutinin titer of the serum. 

The present work has been concerned with the effect of pus and emulsions of 
fistulous tracts in rabbits on staphylococcus toxin, botulinus antitoxin and horse 
plasma in vitro, and the persistence of horse plasma in experimental sinus tracts. 
The presence of the test substance after the aforementioned treatment was deter- 
mined as follows: staphylococcus toxin, by the hemolysin reaction with rabbit 
erythrocytes; botulinus antitoxin, by the mouse protection test against known 
toxin ; horse plasma, by the reaction of anaphylaxis in sensitized guinea pigs. The 
results demonstrated that staphylococcus toxin, botulinus antitoxin and horse 
plasma were not destroyed by in vitro incubation for sixteen to twenty hours with 
pus and emulsions of sinus tracts and that sufficient horse plasma remained in 
sinus tracts for twenty-four and forty-eight hours to be detectable by anaphylaxis. 
These experiments tend to show that the effect of chronic inflammatory tissues 
in reducing the response of the host to antigens and antibodies contained within 
them is not essentially that of destruction of these substances but rather that the 
inflammatory tissue is an impermeable barrier to them. 

Experimental Cryptococcic Infection. L, R. Kuhn. 

Benham’s contention that the Cryptococci causing meningitis and European 
blastomycosis cannot be readily differentiated was supported when a strain from 
a patient with only a subcutaneous lesion and bone involvement could not be 
distinguished from strains isolated from patients with meningitis. 

The course of experimental cryptococcic infection in mice was studied. The 
infection may be detected easily by examining gram-stained preparations of tissues, 
particularly of the brain and lungs. Eight strains of Cryptococcus hominis could 
not be differentiated in their pathogenicity for mice. A ninth strain, however, 
consistently required more time to kill mice, and with this strain cysts in the 
brain frequently enlarged to such an extent that the parietal bones of the skull 
were elevated. The mice lived from one to three weeks after this became notice- 
able. This strain was morphologically, culturally and serologically like the others, 
and it appeared to multiply as rapidly in the mouse. Its pathogenicity and the 
pathogenicity of one of the other strains were not increased after fifteen consecu- 
tive passages in mice. 

Unlike bacteria and other 3 'easts when injected into the peritoneal cavities 
of mice, each of 13 strains of cryptococci injected in quantities of 4,000,000 to 
8,000,000 organisms in 0.1 cc. of 0.85 per cent solution of sodium chloride caused 
no greater exudation of neutrophilic leukocytes than did 0.1 cc. of saline solution. 
Heating, shaking with glass beads for one hour and the culture medium did not 
affect the in vivo chemotactic properties of the yeast for polymorphonuclear leuko- 
cytes. Cultures three to four weeks old attracted a few more of these cells ; large 
numbers (25,000,000) of cryptococci attracted many more. Peritoneal exudates 
from 3 rabbits showed a similar deficient response to cryptccocci. 


Some Physical and Chemical Properties of Staphylococcus Enterotoxin. 

Ellen Davison. 

Methods devised for the assay of staphylococcus enterotoxin are unsatisfactory. 
Biochemical properties and growth on differential mediums are not reliable criteria 
for the identification of enterotoxic strains. Oral administration and injection 
of the enterotoxin into monkeys and kittens have been the only methods yielding 
consistent results, but these methods are unsatisfactory for routine or quantitative 
assay. Other animals, the dog excepted, do not react. A better method of assay 
and an e.xplanation for the peculiarities of this exotoxin may develop from studies 
of its physical and chemical properties. 

Enterotoxin is antigenic. It is not destroyed by heat or formaldehyde My 
studies of monkeys have demonstrated that the enterotoxic potency is d’iminished 
by heating. These animals were given intravenous injections of filtrates boiled 
for twenty, thirty or sixty minutes or autoclaved. Although the number of mon- 
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keys used for the 75 injections does not permit a definite conclusion, the trend 
is unmistakable. Attempts to purify the enterotoxin by precipitation with alcohol 
were unsuccessful. The enterotoxin was found resistant to alcohol that destroyed 
the staph 3 dococcus lethal toxin. Chloroform and ether extracts of filtrates when 
fed to monkeys and injected into kittens had no effects. Enterotoxin was in the 
residue filtrate after the extraction. Enterotoxic filtrates were treated with ammo- 
nium sulfate at half and at complete saturation. None of the monkeys fed the 
material precipitated at half-saturation reacted, while 10 of 14 receiving that 
obtained by full saturation vomited. 


Experimental Studies on the Adsorption of Botulinum Toxin bv Kaolin- 
Aluminum Hydroxide in the Intestines of Animals. James L. Waters, 
G. M. Dack and L. R. Dragstedt. 

Guinea pigs were fed kaolin-aluminum hydroxide daily for seven days and 
on the eighth day were given fatal doses of botulinus toxin. In other experiments 
guinea pigs were fed toxin mixed with kaolin-aluminum hydroxide or were fed 
tlie supernatant fluid from such mixtures. Alonkeys were fed toxin and kaolin- 
aluminum hj'droxide mixtures and were given enemas consisting of the same 
mixture or untreated botulinus toxin. In A'itro experiments to determine the effect 
of the gastric and pancreatic secretions of dogs on toxin adsorbed by kaolin- 
aluminum hydroxide were also performed. 

Guinea pigs were not protected from botulinus toxin by the kaolin-aluminum 
hydroxide. Monkeys fed such mixtures survived. Only one monkej' in the entire 
series had symptoms, and this one recovered. No symptoms appeared in monkeys 
which received toxin and kaolin-aluminum hydroxide enemas or untreated toxin 
enemas. There is evidence that the gastric secretions but not the pancreatic elute 
adsorbed toxin. The experiments also demonstrated that botulinus toxin is quan- 
titatively adsorbed by kaolin-aluminum h 3 'droxide. 

DISCUSSION 

G. M. Back:, The results indicate that there is no real basis for the use of 
kaolin-aluminum h3'droxide in preventing the absorption of a toxic substance 
from the intestine. 


NEW ENGLAND PATHOLOGICAL SOCIETY 

Charles Branch, President 
Regular Meeting, Jan. 19, 1939 
Granville A. Bennett, Seeretary 

Preinvasive Carcinoma of the Cervix. Paul A. Younge (b 3 ' invitation). 

At the Free Hospital for Women, Brookline, Mass., a group of 49 cases of 
preinvasive carcinoma of the cervix has been collected since Smith and Pemberton 
published their report of 16 cases {Snrg., Gynee. & Obst. 59: 1, 1934). In 5 of 
their 16 cases the diagnosis of carcinoma of the cervix was not made on the 
original biopsy slides until three and a half to twelve and a half years later, when 
the patients began to show invading carcinoma. In spite of the malignant outcorne 
in these 5 cases, the consensus of most pathologists disagrees with the diagnosis 
of carcinoma on the original biopsy slides. 

Since 1934, 2 more cases have been discovered in which invading carcinoma 
developed two and one-sixth and three and one-third years, respectively, after 
the original biopsies, in which the lesions were diagnosed as benign though now 
they are classified as preinvasive g^rcinoma. 
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Representative slides from both of these series have been shown to pathologists, 
who usually made the diagnosis of “chronic inflammation,” “repair process” or 
“precancer .” Because of the disagreement, one lesion was followed for one year 
without treatment. Three biopsies were made during the year, at the end of which 
time the lesion was 4 mm. in diameter and definiteb" invasive. 

The morphologic character of the malignant, yet noninvasive epithelium is so 
characteristic and consistent that frequently a cursory low power microscopic 
inspection reveals its nature. It is the same t3Te of epithelium as is sometimes 
found at the edge of an invading cancer of the cervix. At this point there is 
usually a sharp oblique line of demarcation, and the malignant epithelium extends 
along the surface for a short distance before it shows its invasive tendency. In 
preinvasive cancer the morphologic and cjdologic picture is the same as is fre- 
quently seen in the marginal zone of a frank cancer, namely, incomplete differen- 
tiation, atypical cells and mitoses, variation in the size of the nuclei, large and 
often multiple nucleoli, occasionally multinucleated cells, hyperchromatic nuclei, 
and mitoses in the upper layers of the epithelium instead of in just the basal layer. 
The actual number of mitoses need not be increased over that of healing epi- 
thelium. 

(Dr. Younge showed a representative group of photomicrographs in illustration 
of the 65 cases, including the case in which there had been no treatment, together 
with a few color photographs of the extirpated cervices demonstrating the gross 
pathologic appearance and results of the Schiller test. Several biopsy specimens 
from lesions which later were proved to be frank cancer, not included in this 
series, were shown to demonstrate the difficulties of making a correct diagnosis 
from one section. A group of slides showing the abnormal conditions, ranging 
from the most controversial to the more obviously malignant, were examined by 
several pathologists, and their diagnoses were tabulated and discussed.) 

The conclusion from this study is that when biopsy of a specimen of the cervix 
shows preinvasive carcinoma, or carcinoma in situ, repeated biopsies will reveal 
either the same condition or actually invasive carcinoma. 

DISCUSSIOX 

Shields Warrek : This is a most interesting and important presentation. 
Several years ago, when I first had the privilege of seeing some of these slides, 
I was much more conservative in my interpretation of them than I am at the 
present time. It is a serious question as to where pathologists should draw the 
line of actual malignancy. They used to think that without evidence of invasion 
there could be no malignancy. While it is difficult to give up this point of view, 
one must give very serious consideration to the conception of carcinoma in situ. 
Much as I have disliked the term, I feel that it probably is too useful to be dis- 
criminated against. Pathologists must be alert to recognize the changes so clearly 
pointed out by Dr. Younge and to follow them carefully in order to determine 
what happens to them. 

Although a lesion such as was observed in these cases, showing atypical hyper- 
plasia and numerous mitotic figures without invasion, must be considered malig- 
nant in the light of the experience presented, I believe that it should be more 
conservatively treated than a fully developed carcinoma. Pathologists certainly 
must urge biopsy of every suspicious lesion and have carcinoma of the cervix in 
mind from the onset of the child-bearing period. The comparatively youthful 
age of many patients with carcinoma of the cervix must be realized. 

Tracy B. Mallory; No one, I am convinced, can study the remarkable 
material which Dr. Younge has just presented and not be convinced both of the 
feasibility and of the importance of recognizing carcinoma in situ. It must be 
admitted that the gynecologists of the Free Hospital for Women have taught 
pathologists a most salutary lesson in their own field of histologic diagnosis. In 
retrospect it seems surprising that the pathologists in Boston should have been 
so slow in accepting the diagnosis of carcinoma in situ, since what was probably 
the first good histologic description of such a lesion was Dr. Bowen’s description 
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of precancerous dermatitis, a lesion which has been known ever since as Bowen’s 
disease. Perhaps, in fact, that has been part of the trouble. Pathologists had a 
mental image of carcinoma in situ derived from a study of cutaneous lesions and 
presumed that cervical lesions would present the same appearance. 

A prophet is without honor in his own country. It seems only fair at this 
moment to point out that Dr. Frank Pemberton and Dr. George Van S. Smith 
began to talk about noninvasive cancer a full ten years ago. They sent slide 
after slide to various pathologists, who almost unanimously refused to make a 
diagnosis of malignant growth because there was no invasion. The end results 
which Dr. Younge has presented can leave no question as to who was right. It 
was not until Prof. Walter Schiller, of Vienna, came to Boston three years ago 
and lectured before this society on noninvasive cancer that the members granted 
to the foreign prophet the credence they refused to the local ones. Since that 
time, although conservative instincts still make them hesitate, I think that few 
of them have failed to diagnose carcinoma in situ on some occasion at least. 

It must be admitted that the group at the Free Hospital for Women are excep- 
tionally well fitted for such an investigation as this. The fact that the men who 
study the patients clinically also diagnose the conditions presented on the slides 
makes for a much closer correlation of clinical and pathologic observations than 
is possible in the average general hospital. Moreover, the final and most con- 
vincing stage of their demonstration, the repeated observation of a carcinoma in 
situ until it finally becomes invasive, is an unjustifiable experiment except in the 
hands of a clinician so sure of his control of the patient that he is confident the 
experiment can be interrupted before the patient’s chances of cure have been 
j eopardized. 

E. P. McCarthy: I have been interested in leukoplakia of the oral cavity, 
a lesion which runs somewhat parallel to lesions of the type presented by Dr. 
Younge. 

Leukoplakia in the oral cavity rarely begins before the age of 40 and is often 
the result of a known chronic irritation. Such lesions often become verrucous. 
I should like to ask Dr. Younge whether or not lesions of the type he has described 
ever become verrucous, and what in his opinion is their cause. 

George Van S. Sjuth (by invitation) : We at the Free Hospital for Women 
have enjoyed not only giving our opinions concerning sections of the cervix that 
presented unusual and suspicious changes and then checking back to learn the 
clinical outcome but also studying previous biopsy specimens, whenever possible, 
from patients with obvious cervical cancer. I think it very likely that such minor 
procedures as trachelorrhaphy and cauterization may eliminate an occasional early 
cancer. For example, recently in reviewing sections prepared before 1910 we 
found two which appeared to us to contain malignant epithelium. Both were from 
specimens obtained at trachelorrhaphy. One of the patients died of carcinoma of 
the stomach (diagnosed at the Massachusetts General Hospital) over six years 
after trachelorrhaphy; the other died of alleged carcinoma of the endometrium 
over twenty years after trachelorrhaphy. Either these patients did not have pre- 
invasive cancer or were cured by their plastic operations. Biopsy of a third 
patient’s cervix in 1934 revealed what we considered one of these early malignant 
lesions — and our diagnosis was confirmed by a pathologist in Boston. It was 
decided to follow the patient carefully to determine future developments. At the 
time of the second biopsy, one month after the first, the cervix was thoroughlj'^ 
cauterized. I have been examining this patient periodically for four and one-half 
3 'ears — she is now well, with no evidence of cervical disease. Cauterization prob- 
ablj" destro 3 '^ed an incipient cancer. I think this answers Dr. Warren’s question 
about "pulling our punches” on these earh’' cancers, but we emphatically do not 
recommend these procedures as treatment for any cervix with indisputable cancer, 
no matter how early it is. Further, as Dr. Tracy Mallory emphasized, these 
procedures should not be relied on, even in patients with debatable lesions, unless 
they can be followed with certainty and examined often. 
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With the increase in biopsy material at the Free Hospital for A\'omen and 
consequently the more frequent fitiding of these early malignant processes, we 
often have the disturbing thought that \vc must be missing some early cancers 
and that others must be missing a few. For example, last fall we treated a frank 
cancer of the cervix in a patient who had had a supravaginal hysterectomy for 
pelvic inflammation at our clinic three years previously, at which time the cervix 
was not considered sufficiently abnormal to “rate” biopsy or treatment. We prob- 
ably missed a very early lesion in this patient. 

Paul A. Youkge; The treatment of preinvasive carcinoma of the cervix, or 
carcinoma in situ, should be exactly the same as for invading carcinoma, because 
frequently the first biopsy specimen shows only preinvasive carcinoma, whereas 
larger secondarj’ specimens show definite invasion. This fact was emphasized 
during the presentation of the photomicrographs. If conservative treatment is 
desired, high amputation of the cervix may be done. If, however, careful patho- 
logic examination of the extirpated cervix reveals invasion, radium and roentgen 
treatments should be given immediately, or as soon as the wound heals. Another 
method is complete hysterectomy, but, again, as with amputation of the cervix, 
if the lesion is found to be invasive, radium and roentgen treatments should be 
given. 

I am glad Dr. Tracy ^lallory brought out the fact that Dr. Frank Pemberton 
and Dr. George ^'an S. Smith began talking about this subject over ten years 
ago. Even before 1927 they began diagnosing these lesions as carcinoma, but 
general pathologists would not agree with them. However, in most cases they 
treated the patient for carcinoma in spite of the disagreement as to the diagtiosis. 

We do not associate kraurosis or vcrrucosc-likc lesions of the vulva with 
carcinoma of the cervix. Leukoplakia of the ccrvi.x has been reported a few 
times to develop into carcinoma, but this is open to question. Scluller does not 
believe that Icukokeratoses develop into cancer. We have not followed any long 
enough to have an opinion. He also docs not believe chronic inflammation is an 
etiologic factor. I feel tliat chronic inflammation may play a part in the develop- 
ment of carcinoma of the cervix, but the most important thing is to make routine 
biopsies of tissue from the junction of the normal squamous epithelium and the 
eversion, erosion or ectropion, as well as of all positive Schiller spots. Annual 
inspection of the cervix, with biopsy if indicated, in all women o\'cr 30 and in 
women of any age if they have borne children should be the established practice. 
This plus treatment of all eversions, erosions or ectropions will reduce the inci- 
dence and mortality of the disease. 

George Vax S. Smith : Dr. Yennge's reply to Dr. AIcCarthy's question as 
to what may be a predisposing factor in the causation of cervical cancer demands, 
I believe, modification. In general, opinion is falling away from the idea that 
chronic inflammation may be etiologic. Knowing that the incidence of cancer of 
the cervix is greater in women who have been pregnant than in nulligravidas and 
that pregnancy is associated with a tremendous increase in estrogens and tliat 
these substances not only pl.ay a part in the induction of certain experimental 
cancers but also are closely related chemically to carcinogenic agents, I wonder 
whether these physiologic sterols may not act like, or even become, carcinogenic 
sterols in the patient susceptible to cancer. 
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Parasitology, with Special Reference to Man and Domesticated Animals. 
Robert Hegner, Ph.D,, Professor of Protozoology, Johns Hopkins University; 
Francis M. Root, Ph.D., Late Associate Professor of Medical Entomology', 
Johns Hopkins University; Donald L. Augustine, Sc.D., Assistant Professor 
of Helminthology, Harvard University', and Day G. Huff, Sc.D., Associate 
Professor of Parasitology, University of Chicago. Cloth. Pp. 812, with 308 
illustrations. Price, §7. New York: D. Appleton-Century Company, Inc., 
1938. 

This edition of the authors’ well known textbook entitled “Animal Parasitology,” 
follows the same plan as the original edition. The introduction, by' Hegner, gives 
a survey of such general aspects of parasitism as animal habitats, the types of 
host-parasite relationship, tlie occurrence, origin, evolution and effects of parasitism 
and the rules of zoologic nomenclature. This is followed by considerations of the 
three natural divisions of parasitology: protozoolgy (Hegner), helminthology 
(Augustine) and present knowledge of those arthropods which arc of parasitologic 
importance. The latter section was originally written by' Root and has now been 
revised by' Huff. In addition to these sections there is a bibliography' covering 
79 pages. 

In general the conception and execution of the text are excellent. It stresses 
various fundamental biologic concepts in the field of parasitology and at the same 
time gives up-to-date information on various pertinent details of medicine, public 
health and technic. Criticisms regarding the completeness of various sections are 
largely matters of individual judgment, as no general textbook can aspire to 
completeness. Thus, it seems to this reviewer that certain aspects of important 
infections should have been considered in greater detail. The sections on the 
pathologic aspects of malaria and on immunity to this disease, for example, are 
very' incomplete and contain misleading statements. Splenomegaly' in malaria is 
ascribed “to distention with blood as a result of lowered vascular tone” without 
consideration of the additional factor of hy'perplasia of various cellular elements 
after long-continued malarial stimulation. In the section on immunity' the state- 
ment “Apparently the destruction of parasites within the host is due largely to 
the phagocytes, known as macrophages, that live on the walls of the blood vessels 
of the internal organs” is not very enlightening as to the origin of macrophages 
and will be interpreted by many as indicating a phagocytic nature of the comijion 
vascular endothelium of all internal organs. In spite of these minor shortcomings, 
the book will undoubtedly continue to hold its place as one of the outstanding 
texts on parasitology' in English. 

Cancer: Its Diagnosis and Treatment. Max Cutler, M.D., Associate in Sur- 
gery', Northwestern University' Medical School, Chicago, and Franz Buschke, 
M.D., Assistant Roentgenologist, Chicago Tumor Institute, Chicago. Assisted 
by Simeon T. Cantril, M.D., Director, Tumor Institute, Swedish Hospital, 
Seattle. Cloth. Pp. 757, with 346 illustrations. Price §10. Philadelphia : 
W. B. Saunders Company, 1938. 

The purpose of this book is to promote the application of the knowledge and 
methods at hand to the early diagnosis and treatment of cancer. Throughout the 
book the word “cancer” includes malignant tumors in general. The book opens 
with a comprehensive chapter on radiotherapy, in which are discussed such topics 
as the biologic effects of roentgen rays and of the gamma rays of radium, the 
methods of radiotherapy and the radiosensitivity of cancers. This chapter and 
the next two, on biopsy and on the spread of cancer, are of special interest to the 
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pathologist. The rest of the book is, devoted to the sj'stematic, orderly considera- 
tion of the diagnosis, the treatment and the results of treatment of cancer in all 
parts of the body except the eye and the central nervous system. There are 346 
illustrations, all highly instructive. They show gross appearances of tumors in 
situ and otherwise, roentgenograms, anatomic relations of importance in the 
metastasis and in the treatment of cancers, appliances and methods used in radio- 
therapy, and the typical microscopic structure of important cancers. Alinute 
details of morphologic appearance and histogenesis are left out of consideration 
purposely. Undoubtedly the lack of illustrations in the case of the thyroid, the 
urinary bladder, the testicle and the prostate will be supplied in future editions. 
The bibliography is consolidated conveniently at the end by chapters and alpha- 
betically according to the names of the authors cited in the text. There is also 
a name index and a good, complete subject index. The book is an important 
addition to the literature on cancer in its clinical aspects. A particularly strong 
point is the presentation of the advances of radiotherapy of cancer. There is no 
recent book on clinical cancer in which the microscopic aspects of cancer are 
presented better on the basis of first hand knowledge. The pathologist will find 
here a thoroughly competent discussion of the structure and course of cancer in 
close correlation with the details of clinical diagnosis and treatment under different 
conditions. 

Laboratory Manual of Hematologic Technic. Regena Cook Beck, ALA., 
Af.D., Formerly Instructor in Pathology and Bacteriology at George Wash- 
ington University Afedical School ; Head of the Department of Bacteriologj', 
William and Alary College Extension; Pathologist to Stuart Circle Hospital 
and Director of the Stuart Circle Hospital School of Aledical Technology, 
Richmond, Va. With a Foreword by Frank W. Konzelmann, Af.D., Pro- 
fessor of Clinical Pathology', Temple University, Philadelphia. Cloth. Pp. 3S9, 
with 79 illustrations. Price §4. Philadelphia and London: W. B. Saunders 
Company, 1938. 

This manual describes and explains in admirable fashion the various pi'ocedures 
of modern hematologic technic. Also, it interprets the results and their signifi- 
cance. There are five parts, dealing with the following topics ; the methods of 
procuring blood specimens, the mechanism of clotting, the estimation of the 
hemoglobin content; the enumeration of blood cells and the determination of 
indexes; the cytology of blood; special studies used in hematologic practice; the 
special pathology of blood. The summaries, the lists of questions and the defini- 
tions of terms will be of great help to the student. The presentation is competent, 
comprehensive and clear. The book is well described in the following statement 
from tlie foreword by F. W. Konzelmann: “This manual is a valuable guide not 
only for the technologist, but all students of hematology will find it most helpful, 
whether they be pathologists, clinicians or medical students, for there is at the 
time of this writing no other single A'olume where so much information on the 
subject of procedure in hematology' is contained between two covers.” The book 
should have a place in every' clinical laboratory. 

Classic Descriptions of Disease with Biographical Sketches of the 
Authors. Ralph H. Alajor, M.D., Professor of Aledicine, University of 
Kansas School of Aledicine, Kansas City'. Second edition. Cloth. Pp. 727, 
with 137 illustrations. Price S5.50. Springfield, 111. : Charles C. Thomas. 
Publisher, 1939. 

The first edition of this very interesting book was published in 1932. In the 
new edition sections have been added on malaria and yellow fever ; also, additional 
readings and illustrations. Alany of the biographic sketches have been rewritten, 
and the index has been revised. The book contains a great wealth of readin<TS 
and informatioii to illustrate the development of Icnowledge of disease. 
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Thiuty-Sixth Annual Rkport 1937-1938 of the Imperial Cancer Research 
Fund. Under the Direction of tlie Roj'al College of Physicians of London and 
the Ro 3 'al College of Surgeons of England. Paper. Pp. 39. London : Roj’al 
College of Surgeons, 1938. 

The Pasteur Institute of Southern India, Coonoor. The Annual Report 
of the Director for the Year ending 31st December 1937 Together with the Thirty- 
First Annual Report of the Central Committee of the Association for the Year 
Ending 31st March 1938. Paper. Pp. 89. Madras : The ^Madras Publishing 
House, Ltd., 1938. 

Meddelelser fra Dr. F. G. Gades pathologisk-anatomiske labor.storiu.m i 
Bergen, 1938. Paper. Various pagination. 1939. 

La ponction sternale. PROCEof: de diagnostic cytologique. P. fimile 
Weil, Medicin des Hopitaux de Paris, and Suzanne Perles, Chef de laboratoire 
a I’Hopital Teuton. Paper. Pp. 184, with 25 illustrations. Price 75 francs. 
Paris: Masson & Cie, 1939. 

William P. Wherry, Bacteriologist. Martin Fischer. Cloth. Pp. 293. 
Price $4. Springfield, 111. : Charles C. Thomas, Publisher, 1938. 

LeHrbuch der allgemeinen Pathologie und der pathologischen 
Anatomie. H. Ribbert. Twelfth edition. Edited bj’ Prof. Dr. H. Hamperl, 
Prosektor am pathologischen Institut der Universitiit, Berlin. Paper. Pp. 634, 
with 700 illustrations. Price 27 reichmarks. Berlin : F. C. W. Vogel, 1939. 
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BASE-PROTEIN-ACID COMPOUNDS PREPARED 

FROM FIBRIN 

MARTIN H. FISCHER, M.D., Sc.D. 

AND 

WERNER J. SUER, M.S. 

CINCINNATI 

I 

These pages extend remarks made earlier^ wherein biologic and 
chemical evidence was cited which proves protoplasm (including blood, 
lymph, milk and egg white) not a mere mixture of protein with salt 
and water. The physical and chemical characteristics of living matter 
are repeated only when a chemical unit is made of the three. There- 
after it was shown, in the instance of casein, how such hydratable base- 
protein-acid compounds might be prepared. What is requisite is that 
the necessary chemical reactions be permitted to proceed as under the 
conditions existent in protoplasm, wherein the average water content 
of 80 per cent is all held in combined form. In other words, no “free” 
water may be present in the reaction mixture. The following para- 
graphs show how such triple compounds may be prepared from the 
fibrin of blood. . 

“Pure” fibrin absorbs little water (its capacity to “swell” is low). 
Enormous increase occurs if either an alkali or an acid is added, because 
the resultant proteinates have great hydration values.- Neither of these 
compounds alone, however, may be taken as the chemical analogue of 
fibrin as it exists in nature, where both acid and alkali appear in it (as 
the commonly designated mixture of “salts” ashable out of it), in the 
approximate relation of 0.7 of the former to 1 of the latter. 

The “pure” fibrin employed in the experiments described here was 
obtained by first bringing a commercial fibrin into “solution” (really 
intq a state of hydration miscible with more water) in strong potassium 
hydroxide. After this mixture had been filtered, the fibrin was reprecip- 
itated through neutralization with strong h}'-drochloric acid. After 

From the Laboratory of Physiology, University of Cincinnati. 

1. Fischer, M. H., and Suer, W. J.: Arch. Path. 20:683, 1935. 

2. Fischer, M. H. : Oedema and Nephritis : A Critical, Experimental and 
Clinical Study of the Physiology and Pathology of Water Absorption by the 
Living Organism, ed. 3, New York' John Wiley & Sons, Inc., 1921, p. 61. 
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several washings with water it was covered with 95 per cent alcohol 
and stored under it. 

Example: One hundred grams of powdered fibrin was allowed to swell for 
twenty-four hours in the ice box in 1,000 cc. of water, after which 67.5 Gm. of 
pure potassium hydroxide dissolved in 500 cc. of w'ater was added. The half- 
gelatinous mixture was permitted to stand twenty-four hours, and then, to render 
the mixture more liquid, 500 cc. of water was added and the whole filtered. Con- 
centrated h 3 'drochloric acid was then slowly stirred into the filtrate until maximal 
precipitation was obtained. When 81.1 cc. had been added, the supernatant liquid 
w'as faintly acid to litmus. It was decanted, and the precipitated fibrin was 
washed throughout a day with several changes of water, after which the moist 
precipitate was covered with three volumes of 95 per cent alcohol. After standing 
another day, the precipitate was filtered off, washed with more alcohol and pre- 
served under it. Such fibrin was still highly solvated. From the alcohol-wet 
jdeld of 126 Gm. in the example cited, an aliquot portion showed 33.14 Gm. to be 



A shows how hydrochloric acid in increasing quanta may be added to the 75 
per cent hydrated potassium fibrinate jell}’- shown in 0 without visible effect on its 
physical characteristics. B illustrates the same observation when a definite quantity 
of each of a series of different acids w'as added to the standard potassium fibrinate 
gel shown in 0. 

solid (26.3 per cent). Nor is it to be considered absolutely pure, for on ashing 
we still recovered 0.365 per cent potassium chloride (which, however, was not 
merely adherent to but an intimate part of the protein). 

To prepare potassium fibrinate, Ave separated the 126 Gm. of sol- 
A^ated fibrin, obtained as described, from its surrounding fluid by filtra- 
tion. In the process the Avet Aveight shrank to 102 Gm. To the resultant, 
25 cc. of water and 13 cc. of tAAUce normal potassium hydroxide Avere 
added. After tAventy-four hours the clear solid jelly shoAvn in tube 0 
of A in the figure AA^as obtained. Counting in any alcohol remaining, 
one may say that this product did not cany more than 75 per cent 
of water (not more, therefore, than the physiologic maximum of tissue). 

The remaining tubes of A show hoAV strong hydrochloric acid may 
he added to this potassium fibrinate gel zvithout change in its physical 
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character. The acid does not strike the base off the proteinate but adds 
itself to the protein when, as here, free water is absent. Not until tube 
8 is reached, in which the amount of acid added exceeds 70 per cent of 
the base present in the proteinate, does combination with the base occur 
and precipitation of fibrin in a “neutral” and less hydrated form come 
about (the gel turns white). 

B illustrates the production of such “triple” compounds from several 
different acids. The control potassium fibrinate gel with 75 per cent 
water is again shown under 0. In the remaining tubes, tartaric, hydro- 
bromic, citric, acetic, lactic, hydrochloric, phosphoric and sulfuric acids 
have been added in this order in chemically equivalent amounts up to 
69 per cent of the alkali contained in the original compound. The 
colloid character of the gel was in no wise altered except in the last 
two tubes (to understand this it needs to be recalled that protein phos- 
phate and protein sulfate stand lowest in absolute hydration value in any 
protein series so far studied).. 

II 

To be brief, we condense some further observations on the fibrin 
compounds described here (and the caseinates noted earlier) into the 
following paragraphs. 

.The alkali proteinates or the acid proteinates of either take up more 
water (“swell more”) than the proteins alone. Their hydration 
capacities are thus increased. But specific differences appear as different 
bases or different acids are employed. The absolute hydration values 
are greatest with potassium, ammonium and sodium, much lower with 
the earth metals and lowest rvith the heavy metals. In an acid series, 
the compounds with h 3 'drochloric, hydrobromic and lactic acid stand 
at the top, the compounds with various organic acids lie lower and the 
compounds with phosphoric and sulfuric acids bring up the bottom. 
Thus the so-called “physiologic” degree of hydration characteristic 
of living matter (its normal water content) may be assigned to the 
mixture and the relative proportions of the various bases and acids 
that appear in it (the relative quantities and qualities of its “salts”) ; 
and the hydrating or dehydrating effects of pharmacologically applied 
bases, acids or salts, to the additive or substitution effects which the 
constituent radicals have on the substrate’s first composition. So while 
all alkalis and acids increase the swelling of a protein not previously 
saturated (this is the case, too, for all “normal” protoplasm), all salts 
(with the exception of ammonium and possibly potassium) tend uni- 
formly to bring about dehydration. But at the same “osmotic” concen- 
tration, their relative effectiveness is very different, the sequence of 
the different alkali or acid radicals being that given. 

The different alkali proteinates show, too, a different miscibility with 
water (as ordinarily put, a different “solubility” in water). Only the 
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light metal proteinates mix easily with more. And this they do as does 
egg white or blood plasma or tissue juice, in all of which (as “neutral” 
to indicators as the alkali proteinates described here when their hydra- 
tion capacity has not been exceeded) pronounced “alkalinity” develops 
(due to hydrolysis) when more water is added. This miscibility con- 
tinues if a “physiologic salt solution” (eighth to sixth molar sodium 
chloride) is employed instead of water, but the development of end 
“alkalinity” is then much reduced. The acid proteinates behave like 
the alkali compounds ; only, when they are mixed with water, the end 
reaction is acid instead of alkaline.^ 

What is the behavior of base-protein-acid compounds under these 
descriptive heads? The hifroduction of increasing increments of acid 
into an alkali proteinate reduces progressively both its capacity to swell 
and its nnscihiliiy with zvatcr or salt solution. A protein saturated with 
both base and acid (as the jDotassium-fibrin-chloride shown in tube 7 
of A ) fails to mix with water or a salt solution as completely as a beef- 
steak. But the base-protein-acid compounds also all take up a defined 
quantum of water. If not completely “saturated” with either alkali or 
acid, they “swell” wlien more of either is added (as do living cells when 
made edematous by such treatment). In neutral salt solutions the 
triple compounds shrink (are dehydrated) as the concentration of any 
nonreactive salt about them is increased. Herein their behavior parallels 
the so-called “osmotic” behavior of individual cells and tissues toward 
similar “hypertonic” solutions. But if the added salt is of the heavy 
metal variety or is possessed of a greatly dehydrating acid radical, all 
osmotic rules are off and the low hydration capacity of the ultimately 
formed compound dominates the picture. (These are the efifects of 
those “salts” which have always proved “exceptional” in their osmotic 
behavior when tested on living cells.) 

Regarded collectively, therefore, the properties of these base-protein- 
acid compounds are such that they register large resistance (meaning no 
visible change in ph3'sical properties) to rather large change in sur- 
roundings. They are “buffered” against the action of water, of various 
salts and of acids and alkalis even as are living cells. In biologic terms, 
their “factor of safety” is large against “injury.” 

SUMMARY 

Base-protein-acid compounds have been produced from fibrin. Their 
“behavior” toward water, salts, acids and alkalis is described. It 
parallels qualitatively and quantitatively the reaction of living cells to 
like changes in surroundings. 

3. How this explains the origin of acid or alkaline secretions from neutral 
secretory glands (salivar}’’, pancreatic, gastric, sudorific or renal) has been touched 
on before (Fischer, M. H. : Soaps and Proteins : Their Colloid Chemistry in 
Theory and Practice, New York, John Wiley & Sons, Inc., 1921, p. 78). 
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I 

It has been shown in previously published articles that various pro- 
teins extractable from protoplasm yield gelatinous systems, through 
treatment with alkalis, acids ^ or both together," which display a varying 
hydratability, high electrical resistance, great viscosity and optical 
behavior identical with the similar properties of living matter. More 
recently a report on their solvent characteristics was added.® It was 
shown that protein hydrates “dissolve” various materials less soluble 
in equal volumes of water or insoluble in it. This added proof that 
protoplasm is free from ordinary water was then used to explain why 
so many dehydrol)^ses (syntheses) occur in it which in the alimentary 
tract (where “free” water is present) appear only as hydrolyses 
(analyses or “digestions”). 

A number of chemical set-ups that fortify the rule were described. 
The following is picked for illustration : 

ester (fat) -f- HoO -f- H2SO4 ^ fatty acid -f- alcohol -f- HgSO^ 

This much studied reaction proceeds left or right (with synthesis or 
analysis complete!) depending solely on the absence or the presence of 
free water in the total system. Consideration of the equation reveals 
these facts : In the synthetic half the sulfuric acid acts not only (a) to 
bind any water liberated in the reaction (thus keeping the total system 
anhydrous) but (b) as its “catalyst.” 

Applied to living matter (or to the chemical fractions extractable 
from it), this generalization makes evident that any of its various 
“hydrophilic colloids” (all its proteins, all its carbohydrates and even 
some of its “peculiar” fats, therefore) act as does the sulfuric acid in 
the foregoing equation. Thus any or all of them may be considered 

From the Laboratory of Physiology, University of Cincinnati. 

1. Fischer, M. H. : Oedema and Nephritis: A Critical, Experimental and 

Clinical Study of the Physiology and Pathology of Water Absorption by the 

Living Organism, ed. 3, New York, John Wiley & Sons, 1921, p. 151. Fischer, 
M. H., and Hooker, M. O. : The Lyophilic Colloids, Springfield, 111., Charles C. 
Thomas, Publisher, 1933, p. 230. 

2. Fischer, M. H., and Suer, W. J.: Arch. Path. 20:683, 1935. 

3. Fischer, M. H., and Suer, W. J.: Arch. Path. 26:51, 1938. 
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active in the establishment of the proper milieu for the activity of any 
ferment of the “dehydrolase” ’ type. These paragraphs emphasize that 
in addition they may he the ''ensyme." Thus we try to make “catalysis” 
as the name of an activity into the name of a thing; we attempt to rede- 
fine “protoplasm,” heretofore regarded merely as the seat of ferment 
activity, as the ferment itself. Universality of distribution and over- 
weight in tissue anal3'sis fix a primary interest on the proteins of living 
matter. 

II 

The capacity of lymph, blood or tissue cells to decompose hydrogen 
peroxide is historic. Thenard in 1818 described the effects of metals, 
oxides and “fibrin” on the reaction. Besides its practical employment 
for decades past (as in the treatment of wounds), the reaction has come 
to underlie every theory of “catalysis” (Berzelius, 1835) and of “fer- 
mentation” (Schdnbein, 1863) proposed since,'"’ 

The reaction I-LO^ = H^O -{- O is accelerated by an almost univer- 
sally present extractive of tissue to which the name “catalase” lias been 
assigned. It is active in minimal concentration, is recoverable from the 
end products of the reaction, brings about an “unlimited” amount of 
decomposition and is destroyed by heat, various “poisons” and other 
agents, wherefore it has long been assigned to that group of catalysts of 
protoplasmic origin accepted today as the “ferments.” The next para- 
graphs tend to show that a simple protein (specifically the fibrin of 
blood) under biologic circumstances behaves in every way like catalase. 

HI 

The fibrin clot whipped out of spontaneous!}'’ coagulating bovine 
blood, well washed in water and dried, and presenting thus the ordinary 
“commercial” product of the chemists’ shelves, does not, when added 
to a dilute hydrogen peroxide mixture, decompose it. As some might 
put the matter, it is without catalase activity and “dead.” The material 
is not easily brought back into “solution” (really, into a state of 
hydration miscible with water). In most acids or alkalis it merely 
swells.® But when it is soaked in concentrated potassium hydroxide 
(less obviously in ammonium hydroxide) for a day or two in the ice 
box and stirred, a thick slime of uniform composition is obtained which 
can be diluted with more water and filtered through a coarse filter. The 
“dissolved” fibrin may be precipitated again by neutralization with 
hydrochloric acid. By this method we ’’ “purified” (with great loss, 

4. Carl Oppenheimer’s term. 

5. The story is best recited in Wilhelm Ostwald’s Nobel-laureatcd thirty-two 
page monograph entitled “Ueber Katatyse” (Leipzig, S. Hirzel, 1902). 

6. Fischer, M. H., and Moore, G. : Am. J. Physiol. 20:330, 1907. 

7. Fischer, M. H., and Suer, W. J.: Arch. Path., this issue, p. 811. 


FISCHER-SUER—FIBRIN AS CATALASE 


817 


because of “digestion”?) a commercial fibrin (already of the rather low 
ash content of 0.709 per cent) to serve as the stock for the experiments 
now to be described. 

The history of one of the several batches utilized in the experiments to be 
described is as follows: Two hundred grams of drj' fibrin was powdered and 
allowed to swell twenty-four hours in the ice box in 2,000 cc. of water, whereafter 
135 Gm. of pure potassium hydroxide dissolved in a liter of water was added to 
the gelatinous mixture. After two days more of soaking in the ice box, the 
resultant tliick soup was filtered. Now concentrated hydrochloric acid (107.5 cc.) 
was slowly added until maximal precipitation of the fibrin was obtained. The 
supernatant liquid, neutral to litmus, was decanted and the precipitate washed a 
second time with water. After the supernatant fluid was again decanted, the 
residue was dehydrated by the addition of 3 volumes of 95 per cent alcohol. This 
was filtered off, and the white precipitate was washed with more alcohol and 
preserved under it. Thus 196 Gm. of precipitate was obtained, which was found 
by analysis to be 41.5 per cent solid. 

The total product was treated with dry potassium hydroxide (3.46 Gm.) and the 
whole diluted bj'^ the addition of 500 cc. of water to a manageable syrup. The 
mixture was neutral to phenolphthalein until more water was added ; then it turned 
alkaline. 

Such readily reproducible proteinates were the “standard” from 
which the experiments now to be described proceeded. Though essen- 
tially pure potassium fibrinate, the)’’ still carried some chlorine (also 
chemically bound to the proteins for reasons elucidated elsewhere"). 

A quantitative study of the decomposition of hydrogen peroxide by 
such materials under identical circumstances was accomplished via a 
battery of gas-washing bottles of uniform design, connected by a delivery 
tube to a pneumatic trough holding calibrated receptacles for the 
reception of gas. By such a scheme did Burge ® study quantitatively 
the catalase content of tissue. An interesting parallel between his 
studies and ours lies in the fact that the “concentrations” of tissue, of 
hydrogen peroxide and of other factors employed by him are of the 
same order of magnitude as those used by us. 

IV 

Pure (potassium) fibriuate is zvithout catalytic activitv. Alone or 
diluted with water, it fails to decompose any of the 5 cc. of 30 per cent 
hydrogen peroxide added to it (tube 1 of table 1). “Activation” is 
accomplished by the addition of alkali, as tubes 2, 3 and 4 illustrate. 

It is not the alkali added zvhich decomposes the hydrogen peroxide. 
This is demonstrated in table 2. Fibrinate, therefore, is “catalase,” as 
an equivalent of alkali added to water is not. 

8. Burge, W. E. : Am. J. Physiol. 41:153, 1916. 
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For maximal yield of oxygen an optimal concentration of alkali is 
necessary. As ordinarily put, correct is called for. This is shown 
in table 1. The fact is reillustrated in table 3, Here sodium hydroxide 
has replaced potassium hydroxide, and a higher concentration of sodium 
hydroxide is needed to give a maximal amount of gas. Though the 

Table 1. — Experiment Demonstrating That Pure (Potassium) Fibriimte Is Without 
Catalytic Activity Until Alkali Is Added to It 


Cubic Centimeters of Gas TIelded 
in Given Number of Minutes 
. * 


Tube 

Mixture* 

15 Min. 

30 Min. 

45 Min. 

CO Min, 

1 

5 cc. fibrinate + 40 cc. H:0 (control) 

0 

0 

0 

0 

2 

5 cc. flbrinate + 39.5 cc. Hid + 0.5 cc. 2N KOH 

85 

130 

150 

1C5 

3 

5 cc. flbrinate + 39 cc. H?0 + 1 cc. 2N KOH 


150 

ISO 

200 

4 

5 cc. flbrinate + 38 cc. H:0 + 2 cc. 2N KOH 

60 

135 

170 

190 


* The fact that 5 cc. of 30 per cent liydrogen peroxide is present in all these mi.xtures is 
Omitted from this and subsequent tables for the sake of brevity. 


Table 2. — Experiment Demonstrating That It Is Not the Added Alkali Which 
Decomposes the Hydrogen Peroxide 


Cubic Centimeters of Gas TIelded 
in Given Number of Minutes 

/ ' > 

Tube Mixture 15 Min. 30 Min. 45 Min. CO Min. 

1 5 cc. fibrin a to + 39 cc. H=0 + 1 cc. 2N KOH 90 140 103 ISO 

2 44 CO. HeO + 1 cc. 2N KOH 0 2 5 S 


Table 3. — Experiment of Table 1 Repeated ivith Use of Sodium Hydro.vide Instead 
of Potassium Hydroxide to Show Relation of Concentration a7:d 
Kind of Alkali to Yield of Gas ( Oxygen) 


Cubic Centimeters of Gas Tielded 
in Given Number of Minutes 

« — ^ 

Tube Mixture 15 Min. 30 Min. 45 Min. 60 Min. 


1 5 cc. fibrinato + 40 cc. HeO (control) 0 0.2 2 

2 5 cc. flbrinate + 39 cc. HeO 4- 1 cc. 2N NaOH 90 135 170 190 

3 5 cc. flbrinate + 38 cc. H:0 + 2 cc. 2N NaOH 110 ICO 195 230 

4 5 cc. flbrinate + 37 cc. HeO 4- 3 cc. 2N NaOH 100 150 195 230 


two alkalis are equally “strong,” the sodium, in the lower concentrations 
at least, is not so effective an “activator” of the “ferment” as potassium. 

The yield of oxygen is proportionate to the concentration of flbrinate. 
Table 4 illustrates the relation of the “concentration” of a “ferment” to 
the quantity of its activity. 

The alkalinized fibrinate catalyzes an “m finite’’ amount of sub- 
strate. Tables 5 and 6 show how the same fibrinate mixture (with 





Table 4. — Effect of Decreasing the Concentration of the “Ferment” on the 

Yield of Gas 


Gubio Centimeters of Gas Yielded 
in Given Number of Minutes 

t ' \ 

Tubs Mixture SO Min. 15 Min. 60 Min. 


1 10 cc. flbrinato + S4 cc. H 2 O + 1 cc. 2N KOH SSO SSO 420 

2 5 cc. flbrinnte + S9 cc. HcO + 1 cc. 2N KOH 200 2S0 260 

3 1 cc. flbrinate + 43 cc. H:0 + 1 cc. 2N KOH 50 60 SO 


Table S . — Catalysis of an “Infinite” Ainonni of the Substrate by the Fibrinate, 
Sodium Hydroxide Being Used as the Alkaliniaer 


Cubic Centimeters of Gas Yielded in Given Number of 
Minutes or Hours 

' ^ 

Tube Mixture 13 Min. SO Min. 45 Min. 60 Min. 75 Min. 00 Min. 24 Hr. 


1 5 cc. flbrinnte + 40 cc. HcO 


(control) 

0 

0 

5 

IS 

25 

... 

100 

2 5 cc. flbrinate + 3S cc. HeO -r 

2 cc. 2N NnOH 

105 

155 

190 

220 

245 

... 

540 

S 5 cc. flbrinate + S6 cc. H:0 4- 

4 cc. 2N NnOH 

120 

190 

240 

2SO 

SIO 

• « . 

515 

4 5 cc. flbrinate + 34 cc. H:0 + 

6 cc. 2N NaOH 

120 

205 

260 

SOO 

325 

• . 

4S0 

5 5 cc. flbrinnte + 32 cc. H:0 4- 

S cc. 2N NaOH 

130 

200 

24S 

2S0 



465 

After 24 hours. 5 cc. more of SO per cent 

HsOc was 

added 

to each of these mixtures 

The 

yields of gas vrere: 


0 

0 

0 

0 

0 

0 



43 

65 

95 

120 

143 

165 



60 

100 

140 

170 

205 

230 



65 

115 

365 

193 

220 

250, 



120 

175 

220 

255 

2S0 

SOO 


TVhen another 24 hours had elapsed, a 

third addition of 

5 CC. of 

HsOc 

was made 

The 

evolution of gas was ns follows: 


0 

0 

0 

0 

0 

0 



13 

45 

65 

SO 

92 

105 



50 

so 

110 

145 

170 

195 



65 

100 

IBS 

170 

190 

220 



110 

ISO 

230 

205 

SOO 

330 



Table 6 . — Catalysis of an “Infinite” Amount of the Substrate by the Fibrinate, 
Ammonium Hydroxide Being Used as the Alkaliniaer 


Cubic centimeters of Gas Yielded in Given Number of 
Minutes or Hours 




Tube Mixture 

15 Min. 

SO Min. 

45 Min. 

60 Min. 

75 Min. 

90 Min. 

24 Hr. ' 

1 5 cc. flbrinate 4- 40 cc. H:0 








(control) 

0 

5 

10 

20 

25 

SO 


2 5 cc. flbrinnte 4- 3S cc. H:0 

+ 







2 ee. 2N NHiOH 

.. 65 

100 

115 

130 

145 

160 


3 5 cc. flbrinato 4- 36 cc. HeO 

4- 







4 cc. 2N NH 4 OH 

70 

00 

113 

135 

150 

165 


4 5 cc. fibrinate 4- 34 cc. H=0 








G cc. 2N NH 4 OH 

SO 

120 

140 

170 

ISO 

193 


5 5 cc. fibrinate 32 cc. H:0 








S cc. 2N NHiOH 

90 

140 

160 

190 

205 

225 

• • • 

At the end of 24 hours a second 

5 cc. of 30 per cent HsOi 

was added to the aforementioned 

mixtures: 









0 

0 

0 

0 

0 

0 

18 


2 

7 

IS 

20 

25 

SO 

360 


4 

10 

25 

S5 

45 

50 

2S0 


8 

23 

40 

53 

6S 

SO 

500 


15 

40 

60 

To 

90 

105 

520 

And at the end of 4S hours, a third such addition was made: 





0 

0 

0 

0 

0 

0 



0 

4 

10 

20 

25 

SO 



2 

IS 

25 

40 

50 

60 



15 

30 

40 

oo 

70 

SO 



10 

30 

50 

65 

SO 

93 

... 
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sodium hydroxide used as the alkalinizing agent in the first and 
ammonium hydroxide in the second) repeats on successive days the 
same decomposition of hydrogen peroxide. Only these points need to 
be observed in regarding the tables : In absolute rate of decomposition 
the order of the active positive “ions” is K > Na > NH^ ; also, the 
reaction mixtures “weaken,” less oxygen being liberated on the second 
and third days of the experiment than on the first in the unit time. 

Salts inhibit the activity of alkalinised fibrinate to varying degrees, 
dependent on their concentration and kind. The effects of increasing 

Table 7. — Inhibition of the Activity of an Alkaliniccd Fibrinate by a Salt 

(Potassiunv Chloride) 


Cubic Centimeters of Gas Yielded 
in Given Number of Minutes 

A 


Tube 

Ml.xture 15 Min. 

30 Min. 

45 Min. 

00 Min, 

1 

5 cc. fibrinnto + 39 cc. HjO + 

1 cc. 2N KOH (control).... 

105 

140 

175 

200 

o 

5 cc. fibrinate + 39 cc. HsO + 

1 cc. 2N KOH + 0.1491 KC] 

90 

135 

105 

185 

3 

5 cc. fibrinate + 39 cc. HsO + 

1 cc. 2N KOH + 0.29S2 KOI 

85 

120 

150 

175 

4 

3 cc. fibrinate + 39 cc. HsO + 

1 cc. 2N KOH + 0..59C4 KOI 

72 

no 

140 

100 


Table 8. — More "Poisonous” Effect of a Heavy Metal (Barium Chloride) 

on the Alkaliniced Fibrinate 


Cubic Centimeters of Gas Yielded in 
Given Number of Minutes or Hours 

I \ 

Tube Mi.\ture SO Min. 45 Min. CO Min. 10 Hr. 

1 10 cc. fibrinate + 34 cc. H:0 4- 1 cc. 2N KOH + 

0.20S Gm. BaOlsSHsO 10 17 20 220 

3 5 cc. fibrinate + 39 cc. HeO -t- 1 cc. 2N KOH + 

0.20S Gm. BaCI:2H=0 5 S 10 ICO 

3 1 cc. fibrinate + 44 cc. HdO + 1 cc. 2N KOH + 

0.203 Gm. BaCl:2H20 0 0 0 50 


concentrations of a salt, chemically unreactive with any constituent of 
the ferment mixture, are illustrated in table 7. “Salting” obviously 
“preserves” the “catalase” mixture. 

Heavier metals are more specifically “poisonous.” The effects of 
barium are shown in table 8, the fibrinate mixtures being identical with 
those of table 4, but with barium chloride added in an amount not quite 
the equivalent of the 1 cc. of twice normal potassium hydroxide present 
in each. Any optical sign of precipitation of the barium as the hydroxide 
was absent. 

Table 9 illustrates the effect on an active fibrinate-alkali mixture of 
the addition of chemical equivalents of a series of different chlorides. 
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The hardly perceptible suppressh'e effects of potassium become almost 
complete as calcium, mercury, magnesium and barium take its place. 

These differences hciivccn the effects of different basic radicals hold 
also for the acid radicals. Tubes 2 and 3 of table 10 show how potas- 
sium cliloride is less effective than potassium sulfate. In the remaining 
tubes the greatl}* suppressive activit}* of dipotassium sulfide is particu- 


Table 9. — lucrcashlgly Stipl^rcsshc Effects of Chemical Eqalvalcitfs of a Scries 
of Chlorides Added to the Flbrluatc-Alkall Ml-vturc 







Cubic Ontimeters of Gas Ticlded in 






Given Xumber of Minutes or Hours 

Tube 

Mixture 




SO Min. 

45 Min. 

00 Min. 

IGHr. ' 

1 

5 cc. fibrinate 4- S9 cc. HeO 4- 1 cc. 2X KOH (control) 

SO 

100 

120 

400 

O 

0 cc. fibrinate 39 cc. HiO -f 

1 cc. 

2X 

KOH - 






0.1493 KCl 


. . 


so 

ICO 

115 

3S0 

O 

5 cc. fibrinate -f 39 cc. HiO + 

1 cc. 

2X 

KOH -i- 






o.m CnCi- 






S 

70 

4 

5 cc. fibrinate 4- 59 cc. HeO + 

1 cc. 

'ex' 

KOH 4- 






0.270 HgCk 


- - . . 


0 

0 

o 

50 

0 

5 cc. fibrinate + 39 cc. HsO + 

1 cc. 

2X 

KOH 4- 






0.093 MgCls 




0 

0 

0 

10 

6 

5 cc. fibrinate 4- 39 cc. HcO + 

1 cc. 

2X 

KOH 4- 






0.244 BaC]:2H=0 


— 


0 

0 

0 

140 (?) 


Table 10. — Differing Effects of a Scries of Acid Radicals Added to the 

Fibrinate- Alkali il / ixitirc 


Cubic Centimeters of Gas TieltJcd in Given 
dumber of Alinutes 

r' ' ' ^ - — 

Tube Mixture 15 Min. SO Min. 45 Min. CO Min. 75 Min. 90 Min. 


1 

5 cc. fibrinate — 39 cc. HsO 4- 1 
KOH (control) 

CC. 

2X 

$5 

125 

150 

170 

1S5 

2C0 

Cl 

5 cc. fibrinate 4- 39 cc. HsO 4- 1 
KOH 4- 1 cc. 2X KOI 

cc. 

2X 

90 

125 

155 

175 

190 

205 

s 

5 CC. fibrinate — 39 cc. HeO 4- 1 
KOH 4- 1 cc. 2X K:SO* 

cc. 

2X 

60 

90 

no 

130 

140 

ICO 

1 

5 CC. K fibrinate 4- 39 cc. HeO 4- 1 
KOH (control) 

cc. 

2X 

65 

95 

120 

140 

160 

170 

O 

5 CO. K fibrinate — 3S cc. H=0 4- 1 
KOH 4- 1 cc. 2 X KXOa 

cc. 

2X 

50 

90 

no 

130 

145 

160 

<> 

5 cc. K fibrinate SS cc. H:0 4- 1 
KOH 1 cc. 2X KClOa 

cc 

2X 

60 

90 

112 

ISO 

145 

155 

4 

0 CC. K fibrinate 4- SS cc, H:0 4- 1 
KOH 4- 1 cc.' 2X K:S 

cc. 

2X 

20 

20 

so 

35 

40 

50 

3 

5 cc. K fibrinate — 3S cc. HcO — ’ 
KOH 4- 1 cc. "’X phenol 

cc. 

2X 

150 

220 

295 

350 

400 

430 


larly noteworth}-. Phenol, on the other hand, nearl}' doubles the rate 
of gas evolution. 

In order not to lengthen this paper unduly, we merely state that the 
addition of the various potassium salts of the acetic series of acids to 
such mixtures as those named showed the lowermost members (formate 
tlirough caproate) to inhibit as does ordinary sodium chloride. But 
by the time the caprate is reached, the decomposition of hydrogen 
peroxide is actual!}' furthered (owing in our opinion to the fact that at 
the caprylate level these salts at the concentrations of water here 
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employed pass from solutions in the water to the hydrated soaps them- 
selves, then in a physicochemical state identical with that of the protein 
ferment).® 

V 

We think that the experiments just detailed show how a protein, 
the fibrin from blood, is, by proper treatment with alkali, converted 
into a system which in every way behaves like the tissue extracts pre- 
pared for the study of catalase. Itself inactive, fibrin accelerates the 
decomposition of hydrogen peroxide as soon as it is properly alkalinized. 
In the terminology of ferments, a proferment is thus changed to a 
ferment. The material is active in the same low concentration in which 
recognized catalase is active, and it exhibits an optimal pn- Acids 
retard or obliterate the decomposition effects of the fibrinate according to 
their concentration and kind just as they do this to standard catalase 
extracts.^® The same fibrinate system produces an “infinite” amount 
of chemical change, corresponding in its behavior with any of the bio- 
chemist’s “ferments.” All salts reduce this activity, and where specific 
effects have been noted in the instance of specific salts in the study of 
catalase, parallelism is again complete. Even though large differences 
appear among the findings of different authors in this total field (due, 
no doubt, to the difference in the source of their catalase and in the 
history of their preparations), they agree in fundamentals. Thus 
ammonium always proves destructive at one end of a long series of salts 
carrying different basic radicals. The light metal salts show themselves 
least “poisonous” ; the}^ are followed in crescendo by the alkaline 
earths and the heavier metals.^® A similar harmony of effect on 
catalase and effect on our fibrinate exists for the acid radicals — the 
halogens being least inhibitory, with various “weak” organic acids 
occupying a middle zone, and the ox}’^acids proving in general most 
obviously “poisonous.” 

We assume quite naturally that the described variations in the 
activity with which a protein decomposes hydrogen peroxide are 
associated with changes in its colloid chemical state as induced through 

9. Fischer, M. H. : Soaps and Proteins: Their Colloid Chemistrj’- in Theory 
and Practice, New York, John Wiley & Sons, Inc., 1921, p. 21. 

10. Euler,. H. : Beitr. z. chem. Ph 3 "s. u. Path. 7:1, 1905. Senter, G. : Ztschr. 
f. physiol. Chem. 44:257, 1903. 

11. Faitelowitz, A.: Zur Kenntnis Der Milchkatalyse Des HsOj, Dissert., 
Heidelberg, 1904 (not available in the original). 

12. Euler, H.: Ark. f. kemi 2:222, 1907. Favre, W.: Biochem. Ztschr. 
33:32, 1911. 

13. For a summary of the voluminous and chiefly Scandinavian literature, see 
Oppenheimer, C. : Die Fermente, ed. 5, Leipzig, Georg Thieme, 1926, vol. 2, 
p. 1841. 
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changes in its surroundings (temperature, acidity or alkalinity, salt 
content, etc.). The protein must be made neither too soluble in water 
(as after treatment with ammonia) nor yet too little hydratable (as 
after treatment with a heavy metal). The greatest activity seems .asso- 
ciated with the maximal degree of hydration not correlated with the 
maximal degree of dispersion (in “molecular solution” the protein again 
becomes inactive). This statement repeats in essence the view of the 
physical state of all ferments maintained by Fodor.^* But our findings 
contribute further to what has long been a subject of debate. Reasoning 
from observed biochemical behavior, a majorit}’- has concluded that most 
ferments must be protein. Waentig and Gierisch urged this for 
catalase specifically. To this we agree. As such, then, they become 
intimate blocks in the structure of living matter, in other words of that 
hydrated mass known as protoplasm. 

SUMMARY 

A potassium fibrinate is prepared from a shelf stock of blood fibrin 
and shown to behave like the catalase extracts of tissues or tissue 
juices. On the basis of qualitative and quantitative parallelisms a 
simple protein is thus stated to be the chemical equivalent of a ferment. 

14. Podor, A. : Das Fermentproblem, Dresden, Theodor Steinkopff, 1922, p. 172. 

15. Waentig, P., and Gierisch, W.; Fermentforsch. 1:165, 1916. 



CASEIN AS CATALASE 


MARTIN H. FISCHER, M.D., Sc.D. 

AND 

WERNER J. SUER, M.S. 

CINCINNATI 

In a previous paper ^ it was sliown how fibrin b)- proper chemical 
treatment may be made to assume all the activities o£ a “ferment.” 
Through proper “alkalinization” this inactive protein from blood decom- 
posed hydrogen peroxide as so much “catalase.” These paragraphs 
detail how another globulin, the casein of milk, functions in identical 
fashion. The laboratory setup was as in the earlier experiments. 

For “stock,” 12.5 Gm. of casein (Harris) was soaked in 15 cc. of 
water overnight, and then 10 cc. of normal sodium hydroxide was 
added. The product was a thick paste. When diluted with water to 
150 cc., it contained in the unit volume a quantity of protein approxi- 
mately half of that of the same unit volume of the “standard” syrup 
of fibrin used in the studies cited. ^ 

Sodium caseinate alone does not decompose hydrogen peroxide. 
Table 1 illustrates this fact as also the “activation” of the caseinate to 
“catalase” through the addition of alkali. 

Table 2 exhibits an “optimal pn” for the activity of the “ferment.” 
It lies at a concentration of alkali less than that represented in mixture 
5. The relation of the concentration of the “ferment” to the quantity of 
activity is illustrated in table 3. 

Further proof that the decomposition of the hydrogen peroxide in 
these mixtures is more than the effect of their concentration of caseinate, 
pa or “alkalinity” is furnished in table 4. Here equivalent concentra- 
tions of different alkalis were employed. Ammonium hydroxide is 
obviously less effective than potassium hydroxide or sodium hydroxide ; 
while all three stand far above the hydroxides of calcium and 
barium, which, in fact, show themselves to be violently inhibitory. 

How addition of increasing increments of a neutral salt (potassium 
chloride) to an active caseinate mixture of constant composition 
decreases its capacity to decompose h3’^drogen peroxide is apparent in 
table 5. 

The effects of different acid radicals Avith constancy in the other 
components of the mixtures are shown in table 6, 

From the Laboratory of Physiology, University of Cincinnati. 

1. Fischer, M. H., and Suer, W. J. : Arch. Path., this issue, p. 815. 
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Table 1. — Expermcnt Slwzvlng That Caseinate Acquires Catalytic Activity 

Only ait Alkalinisation 


Oubio Centimeters of Gas Evolved After Given 
Number of Minutes 

/ : ^ < 

Tube Mixture* 15 Min. 30 Min. 45 Min. CO Min. 73 Min. 90 Min. 

1 10 cc. sodium caseinate + So cc. HiO 



(control) 




0 

0 

0 

0 

0 

0 

2 

10 cc. sodium caseinate 
1 ce. 2N NaOH 

+ 

34 ce. 

HeO + 

55 

90 

120 

150 

170 

195 

3 

10 cc. sodium caseinate 
2 cc. 2N NaOH 

+ 

S3 cc. 

HcO + 

73 

135 

185 

230 

270 

300 

4 

10 cc. sodium caseinate 
3 cc. 2N NaOH 

+ 

32 cc. 

HeO + 

100 

170 

227 

275 

315 

350 

5 

10 cc. sodium caseinate 
4 cc. 2N NaOH 

+ 

31 cc. 

H:0 + 

120 

210 

270 

320 

SCO 

890 


Controls showed that the decomposition of hydrogen peroxide was not a matter merely of 
the laddition of alkali. Eure alkali in the concentration represented in mixture 2 yielded the 
following amounts of gas: 

2 3 15 20 25 30 


* The fact that each mixture includes 5 cc. of 30 per cent hydrogen peroxide is omitted from 
this and subsequent tables for the sake of brevity. 


Table 2. — Experiment Demonstrating the Relation of the Concentration of Alkali 
to the Catalytic Activity of the Caseinate-Alkali Mixture 


Cubic Centimeters of Gas Evolved After Given Number of 

Minutes or Hours 

-- ■ 


Tube 

Mixture 



'l5 Min. 

30 Min. 

45 Min. CO Min. 

75 Min. 

90 Min. 

24 Hr. 

1 

10 cc. sodium caseinate + 
HsO (control) 

35 

CC. 

0 

0 

0 

0 

0 

0 

0 

2 

10 cc. sodium caseinate + 
HsO + 2 cc. 2N NaOH... 

33 

cc. 

25 

90 

120 

150 

180 

200 

510 

3 

10 cc. sodium caseinate + 
HcO + 4 cc. 2N NaOH... 

31 

cc. 

42 

130 

210 

253 

290 

325 

510 

4 

10 ce. sodium caseinate + 
HcO + G cc. 2N NaOH... 

29 

cc. 

100 

ISO 

240 

273 

310 

335 

520 

5 

10 cc. sodium caseinate + 
HsO + 8 ce. 2N NaOH... 

27 

ec. 

123 

190 

235 

203 

285 

300 

500 


Table 3. — Experiment Demonstrating the Relation of the Concentration of 
Caseinate to the Catalytic Activity of the Caseinate-Alkali Mixture 


Cubic Centimeters of Gas Evolved After Given 
Number of Minutes 


-A- 


Tube 

r 

Mixture 

15 Min. 

SO Min. 

45 Min. 

00 Min. 

75 Jlln. 

90 Min. 

1 

20 CO. sodium caseinate + 24 cc. H:0 + 
1 cc. 2N KOH 

33 

C5 

95 

120 

150 

170 

f> 

15 cc. sodium caseinate + 29 cc. H=0 + 
1 cc. 2N KOH 

30 

CO 

So 

103 

ISO 

150 

3 

10 ec. sodium caseinate + 34 cc. H=0 + 
1 cc. 2N KOH 

so 

50 

70 

95 

113 

130 

4 

6 cc. sodium caseinate + 39 cc. HiO + 
1 cc. 2N KOH 

30 

50 

70 

S5 

100 

112 

5 

2.5 cc. sodium caseinate + 41.3 cc. HsO + 
1 cc. 2N KOH 

25 

40 

GO 

70 

90 

100 
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Table 4. — Experiment Shozving Differing Degrees of Catalytic Activity When 
Caseinate Is Alkalinizcd by Different Alkalis 


Cubic Centimeters of Gas Evolved After 
Given Number of Minutes 
, * 




15 

30 

45 

CO 

75 

90 

Tube 

Mixture 

Min. 

Min. 

Min. 

Min. 

Min. 

Min, 

1 

10 cc. sodium easeinnte + 33 ec. HcO (control)... 

.. 0 

0 

0 

0 

0 

0 

2 

10 cc. sodium caseinate + So cc. N/25 NHiOH.... 

.. G 

25 

40 

55 

05 

75 

3 

10 cc. sodium caseinate + 35 cc. N/25 NaOH 

.. 12 

35 

52 

05 

80 

100 

A 

10 cc. sodium caseinate + 35 cc. N/25 ICOH 

.. 20 

'iy 

CO 

so 

00 

110 

5 

10 cc. sodium caseinate + 35 cc. N/25 Cn(OH) 2 ... 

.. 0 

0 

0 

0 

0 

0 

0 

10 cc. sodium caseinate + 35 cc. N725 Bn(OH) 2 ... 

.. 0 

0 

0 

0 

0 

0 


Table S . — Experiment Sh-owing Increasingly Inhibitory Effect on Catalytic 
Activity of Alkalinizcd Caseinate zoith Additions of Increasing 
Amounts of a- Neutral Salt 


Cubic Centimeters of Gas Evolved After Given 
Number of Minutes 

— A 


Tube 

Mixture 

15 

Min. 

30 

Min. 

45 

Min. 

CO 

Min. 

75 

Min. 

90 

Min. 

105 

Min. 

1 

10 cc. sodium caseinate + 34 cc. HsO + 
1 cc. 2N KOH (control) 

10 

33 

55 

70 

00 

100 

115 

2 

10 cc. sodium caseinate + 34 cc. HsO + 
1 cc. 2N KOH + 0.1442 KCi 

10 

23 

45 

CO 

so 

90 

100 

3 

10 cc. sodium caseinate + 31 cc. H:0 + 

1 cc. 2N KOH + 0.2SS4 KOI 

10 

25 

40 

55 

70 

82 

95 

i 

10 cc. sodium caseinate + 34 cc. H:0 + 
1 cc. 2N KOH + 0.4320 KOI 

4 

20 

33 

50 

CO 

75 

85 

B 

10 cc. sodium caseinate + 34 cc. H 2 O + 

1 cc. 2N KOH + 0.57CS KCI 

2 

10 

30 

40 

50 

CO 

70 


Table 6. — Differing Effects on Catalytic Activity of Alkalinizcd Caseinate with 
Additio7t- of Different Acid Radcals 


Cubic Centimeters of Gas Evolved After Given 
Number of Minutes 


tTube 

Mi.xturo 



15 Min. 

30 Min. 

45 Min. 

60 Min. 

75 Min. 

90 Min. 

1 

10 cc. sodium caseinate + 34 cc. 
1 cc. 2N KOH (control) 

H20 

+ 

22 

43 

70 

87 

105 

120 

2 

10 cc. sodium caseinate + 34 cc. 
1 cc. 2N KOH + 0.0194 KSON. . 

H 2 O 

+ 

32 

60 

SO 

100 

115 

130 

3 

10 cc. sodium caseinate + 34 cc. 
1 cc. 2 N KOH + 0.0244 KClOs.. 

H 2 O 

+ 

22 

40 

60 

SO 

100 

112 

4 

10 cc. sodium caseinate + 34 cc. 
1 cc. 2N KOH + 0.0202 KNOa... 

H 2 O 

+ 

22 

40 

60 

78 

100 

112 

5 

10 cc. sodium caseinate + 34 cc. 
1 cc. 2N KOH + 0.013 KON 

H 2 O 

+ 

10 

25 

42 

57 

70 

85 

1 

10 cc. sodium caseinate + 34 cc. 
1 cc. 2N KOH (control) 

H 2 O 

+ 

35 

75 

95 

120 

135 

155 

2 

10 cc, sodium caseinate + 34 cc. 
1 cc. 2N KOH + 0.0332 KI 

+ : 
0 : 

Cl . 
» : 

103 

190 

255 

305 

345 

375 

3 

10 cc. sodium caseinate + 34 cc. 
1 cc. 2 N KOH + 0.012 KHeAsOj 

H 20 

+ 

40 

70 

100 

120 

120 

160 

4 

10 CC. sodium caseinate + 34 cc. H 2 O 
1 cc. 2N KOH + 0.0196 KG 2 H 3 O 2 

4* 

35 

70 

90 

110 

135 

1B5 

5 

10 cc. sodium casemate + 34 cc. 
1 cc. 2N KOH + 0.0162 KCNO.. 

H 20 + 

35 

60 

• 

SO 

90 

118 

130 
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In order not to lengtlien our protocols unduly we shall merely state 
tliat in oft-repeated series of experiments we found tlie inhibiting 
activit}* of different acid radicals or of different basic radicals to follow 
fee general order discovered in -fee instance of fibrin functioning as 
catalase. For example, five mixtures containing different amounts of 
sodium caseinate (20 cc. to none) udfe constant amounts of potassium 
hydroxide and barium cliloride rdelded no gas whatsoever. The same 
proved true of calcium chloride. An exception was encoimtered in fee 
instance of mercur}*; Its bidiloride increased the decomposing effects 
of casein on hydrogen peroxide. 

SUMMARY 

Ordinaiy casein, itself inactive in fee decomposition of Iwdrogen 
peroxide, may be made to function as catalase ferough the addition of 
alkali. But only fee Iwdroxides of the lighter metals prove active in 
this regard. The conditions whicli make for the inliibition, or suppres- 
sion, of an otherwise active mixture are identical vdth those which 
reduce catalase actirdfe in biochemical extracts. 



EXPERIMENTALLY INDUCED BENIGNANCY OF 

NEOPLASM 


ir. THE EFFECT OF TREATMENT WITH AH ESTROGEH AHD OF 
CASTRATION OF THE HOST 

IRA T. NATHANSON, M.D. 

AND 

WILLIAAI T. SALTER, AI.D. 

BOSTON 

In a previous number of this journal Gardner, Smith, Strong and 
Allen ^ reported the production of sarcoma with an estrogen (theelin), 
administered subcutaneously. This interesting demonstration of car- 
cinogenic effect suggests that an excess of estrogenic substance in the 
animal body favors malignant growth. It is possible, however, to 
demonstrate another effect of estrogenic substance: inhibition of the 
growth of sarcoma. 

In previous papers from this laborator}^ dealing with susceptibility 
to inoculated sarcoma - the importance of the animal host was empha- 
sized, It is clear that “malignancy” is not a property of the tumor alone. 
“Malignancy” is, rather, the reflection of the host’s lack of immunity 
(or resistance) against neoplastic growth.^ This resistance can be 
altered in experimental animals to varying degrees. Thus, in parallel 
experiments, inoculated pedigreed mice may show (a) no growth of 
tumors, (b) growth of “benign” tumors or (c) growth of “malignant” 
tumors."*’ What factors influence this varying immunity? 

One factor which may influence the degree of immunity is sex. 
Bittner reported a difference in reaction to a transplanted tumor in 
males and females. Likewise, Andervont ® in inoculation experiments 

From the Aledical Laboratories of the Collis P. Huntington Alemorial Hospital 
of Harvard University. 

Aided by grants to William T. Salter from the International Cancer Research 
Foundation and a grant from the Committee on Research in Endocrinology of 
the National Research Council. 

1. Gardner, W. U. ; Smith, G. M. , Strong, L. C, and Allen, E. : Arch. Path. 
21:504, 1936. 

2. (or) Salter, W. T., and Oster, R. : J. Clin. Investigation 15:466, 1936. 
(b) Oster, R. H., and Salter, W. T.: Am. J. Cancer 32:422, 1938. 

3. Throughout this paper the term “immunity” is used in a specialized sense 
to indicate resistance against tumor growth on the part of the host. 

4. Bittner, J. J. : Am. J. Cancer 16:322, 1932. 

5. Andervont, H. B. : Pub. Health Rep. 47:1859, 1932. 
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with sarcoma 180 found that more than twice as many females became 
immune as males.® This finding suggests that androgenic and estrogenic 
hormones may influence the development of resistance against neoplasm. 
It is the purpose of this report to describe the effect of the administra- 
tion of an estrogenic substance in excess and of castration on immunity 
to mouse sarcoma 180. 

EXPERIMENTAL METHOD 

Pedigreed mice (Bagg albino, strain A) were inoculated in the tail by the 
procedure of AndervontjS and the tumors were amputated after two to four weeks. 
The animals were then reinoculated in the groin. The growing tumors were 
measured with calipers in three diameters. These measurements were made twice 
weekly according to the procedures of Bischoff and Maxwell r and Schrek.® 
Control animals from the same generation of albino mice were inochlated in the 
groin without previous “immunization.” These controls received tissue from 
the same tumor as the test animals. Each test animal was inoculated alternately 
with a control animal. The control tumors w'ere measured simultaneously with 
the corresponding test tumors. 

As a control strain, black mice of Bar Harbor strain C-57 were used. This 
strain becomes “immune” much less readily than the albino strain A. 

The estrogen was administered according to the following schemes : 

Scheme 1 . — Test animals received daily subcutaneous injections of theelin® 
(estrone [3 hydrox}' I7-keto-I,3,S-estratriene]) in peanut oil. The oil was injected 
into the back, far from the proposed site for inoculation of the tumor. After two 
weeks each animal rvas inoculated in the tail with tumor. Daily injections of the 
estrogen were continued. After two to four weeks the tail tumors were ampu- 
tated. Each animal was then inoculated in the groin with the test tumor. 
Injections of the estrogen rvere continued without interruption. As soon as the 
groin tumors becarne palpable, measurements were begun. 

“Immunitj" control” animals were treated in like manner except that peanut 
oil (0.1 cc.) was used in place of the solution of theelin. 

“\*irulence control” animals were completely untreated animals of the same 
generation. Each of these was inoculated in the groin with the test tumor. Thus 
the integrity of the tumor was assured. 

Such controls were used in all subsequent schemes as needed. 

Scheme 2 . — Test animals received daily subcutaneous injections of the estrogen 
in peanut oil. After two weeks each was inoculated in the tail with tumor. 
Daily injections of the estrogen rvere continued. After tw'o to three weeks the 
tail tumors were amputated. The injections of theelin were then discontinued. 
Each animal w^as inoculated in the groin with the test tumor. Measurements were 
made as outlined in scheme 1. 

“Immunity control” animals and “virulence control” animals were maintained 
as in scheme 1. 

Scheme 3 . — Test animals received daily injections of theelin in peanut oil. 
After two weeks the injections were discontinued and each mouse was inoculated 
in the groin with the test tumor. No inoculation in the tail was made in this group. 

6. This sex difference is not found in all strains of mice. 

7. Bischoff, F., and Maxwell, L. C. : Am. J. Cancer 27:87, 1936, 

8. Schrek, R.: Am. J. Cancer 28:345, 1936; Am. J. Path. 12:525, 1936. 

9. The theelin was contributed by Parke, Davis and Company. 
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Appropriate “immunity controls” and “virulence controls” were maintained. 

Scheme 4. — Each animal was inoculated in the groin with the test tumor. 
Thereupon test animals received daily subcutaneous injections of theelin in peanut 
oil. Injections were continued throughout the period during which measurements 
were made. 

Appropriate “virulence controls” were maintained simultaneously. 

Scheme $. — Test animals and “immunity controls” were inoculated in the tail 
with tumor. After two or three weeks the tail tumors were amputated. Imme- 
diately scheme 4 was started. 

Scheme 6. — Castration was performed one month prior to inoculation of the 
groin with the test tumor. Afterward measurements of the inoculated tumors 
were made twice weekly. 

Simultaneous “virulence controls” were maintained. 

DOSAGE OF THE ESTJtOGEN 

The dailj' dose of theelin varied from 50 to 200 international units. Other 
experiments performed in this laboratory on castrated animals indicate that .1 
mouse unit of theelin (or estrone) is equivalent to approximately 1 international 
unit of • crystalline estrone (or theelin). This is the amount required to produce 
estrus in the castrated animal. Accordingly, the doses used in these experiments 
must be regarded as more than ample. 

EXPERIMENTAL DATA 

The experimental results represent studies of 632 animals. The data 
were originally formulated as tumor growth curves, corresponding to 
about a month’s time. Each tumor was ordinaril}’- measured in three 
diameters twice a week. In order to condense the 9,000 values thus 
obtained, only mean diameters are presented in this report. Further- 
more, in most instances only the mean diameters at maximal size (i. e., 
after three to four weeks’ growth) are presented. The data are 
arranged in relation to certain specific questions. 

1. Does an excess of estrogen per se influence the grozvtJi of 
sarcoma 180 f 

This problem was attacked according to scheme 4. The data are 
summarized in table 1. 

Experiment 1. — Two groups of black adult males of the C-57 strain received 
different dosages of theelin. Group 1 received 50 international units per day; 
group 2, 200 units per day. Corresponding testicular weights are recorded as 
evidence of the effect of the estrogen. Appropriate “virulence controls” are shown. 

Experiment 2. — A single group of black adult males received 200 units of 
theelin per day. 

Experiment 3. — A single group of black adult females, C-57 strain, received 
200 units of theelin per day. 

Experiment 4. — A single group of albino adult males, strain A, received 100 
units of theelin daily. 
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Experiment 5 . — A single group of albino adult males received 200 units of 
theelin daily. 

Experiment 6 . — A single group of albino adult females, strain A, received 200 
units of theelin daily. 

From table 1 it will be seen that in experiments 1, 2 and 3 there 
was slight but definite inhibition of tumor growth. In fact, experiments 

Table 1. — Does Theelin per Se Influence Tmnor Growth? (Scheme 4) 



Controls 

Dose of Estrogen 


for 



A 



Virulence 

50 1. D. 


200 1. TJ. 



Group 1 


Group 2 

E.vperiment 1: black males, C-57 





Number of animals 

12 

12 


14 

Mean tumor diameter at 3% weeks, ram 

16.9 

11.0 


9.0 

Mean testicular weight, mg 


72.7 


56.9 

Experiment 2: black males, C-57 





Number of animals 

IG 



IS 

Mean tumor diameter at SV4 weeks, mm 

17.2 

.... 


12.5 

Mean tumor diameter at 4 weeks, mm 


.... 


15.0 

Experiment 3: black females, G-57 





Number of animals... 

IS 



IS 

Mean tumor diameter at 3 weeks, mm 


. ... 


13.3 

Mean tumor diameter at 4 weeks, mm 

20.7 

.... 


15.5 

Summary of experiments 1, 2 and 3 





Number of animals.. 

46 

12 


50 

Mean tumor diameter at 3 weeks, mm 

16.5 

11.0 


11. S 

Experiment 4: albino males, strain A 


100 1. D. 

Number of animals 

14 


14 


Mean tumor diameter at 3 weeks, mm 

17.0 


14.6 


Mean tumor diameter at 4 weeks, mm 

20.3 


20.5 


Experiment 5: albino males, strain A 





Number of animals 

23 


25 


Mean tumor diameter at 3 weeks, mm 

13.0 


11.0 


Mean tumor diameter at 4 weeks, mm 

16.6 


15.7 


Experiment 6: albino females, strain A 





Number of animals 



IS 


Mean tumor diameter at 3 weeks, mm 



12.4 


Mean tumor diameter at 4 weeks, mm 



17.5 


Summary of experiments 4, 5 and G 





Number of animals 



57 


Mean tumor diameter at 3 weeks, mm 



12.4 


Mean tumor diameter at 4 weeks, mm 



17.5 



Table 2. — Effect of Experiment zuith Theelin on Body Weight 


Male mice, 0-57 

Mean weight at start, Gm 

Mean weight after 3 weeks, Gm 


Dose of Estrogen 

A- 


Virulence 

^ 

A 

V 

Controls 

501. U. 

200 1. U. 

10 

10 

10 

25.7 

29.9 

30.0 

30.7 

29.S 

3S.3 


1 and 2 showed little or no overlapping between the controls and the 
treated groups, as indicated in figure 1. Furthermore, the inhibition 
paralleled testicular weight. It should be noted that our use of mean 
diameter as an index of growth tends to minimize differences in tumor 
growth. The differences shown in figure 1 would be more marked if 
volumes had been calculated from the three diameters, V == 4/3 Trabc, or 





832 


ARCHIVES -OF PATHOLOGY 


by the prolate-spheroid formula (4/3 7rab-), as used by Emge and 
Murphyd® 

The animals were healthy mice of the black C-57 strain. Indeed, 
table 2 presents the gross weights of the estrogen-treated animals, which 
were not less than the control values. These weights indicate that 
cachexia was not a factor in the experiment. 

At first sight one might be tempted to generalize and assert that the 
estrogen inhibited tumor growth directly. In the albino animals, how- 
ever, practically no inhibiting effect was observed after the injection of 
the estrogen, as shown in table 1. In fact, the females of experiment 6 



Exper- 1. 
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G 
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, 

4 

1 t 

1 1 

1 

2 

1 1 

1 Esfro^en i Esfro^en 

1 Esfrogen 


Controls 1 50r.U. 1 200 1. U. 

Controls 1 200 1. U. 

0 


1 


Fig. 1. — Effect of huge doses of theelin on size of tumors in mice. The values 
at the left represent the mean diameter of tumors in millimeters. 

bore larger tumors than the controls. As will appear in table 3, further 
data substantiate this negative result. 

In general, the answer to question 1 is apparentl}’- : No. The estrogen 
per se does not markedly inhibit the growth of sarcoma ISO. 

There remains to be explained the definite effect produced in the 
black animals of experiments 1, 2 and (possibly) 3. This result proba- 
bly can be explained satisfactorily on the basis of an enhancement of the 
immune response, as described later under question 3. In short, the 
effect appears to be an indirect one. 


10. Emge, L. A., and Murphy, K. M. : Am. J. Obst. & Gynec. 32:593, 1936. 
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2. Docs the estrogen fin e.rcessj enhance the efficiency of “immuni- 
sation"? 

The problem rras attacked according to schemes 1, 2 and 3. It can be 
considered in several phases : 

(d) Preliminary treatment with the estrogen might make tlie animal 
more resistant to tumor growth (scheme 3). 

(&) The estrogen might enhance the efficiency of the tail inoculation 
in producing “immunity” (scheme 2). 

(c) A continuous excess of the estrogen (scheme 1) might be more 
effective tlian either (a) or {b) alone. 

((/) In “immunized” animals the estrogen might enhance the previ- 
ously induced inliibition of tumor grou^th (scheme 5). 

As shown in table 3, possibility a is excluded. Experiment 1 on 
black males and experiment 2 on black females botli gave negative 
results. It will be recalled, likewise, that table 1 shows no effect in 
albino animals, to which the estrogen was administered while test tumors 
were growing. 

As to possibility b, little effect was demonstrated. Experiment 3 in 
black males and experiment 4 in black females showed no strildng 
enhancement of immunity resulting from tail inoculation combined witir 
simultaneous administration of theelin. Both of the groups subjected 
to tail inoculation had fewer “takes” and showed smaller tumors than the 
“virulence controls.” 

As to possibility c, the experimental data are definitely positive. 

Experiments 5 a and 5 b in black males, C-57 strain, showed defi- 
nitel}' fewer successful “takes” than their “immunity controls” or than 
the animals in experiments 3 and 4. It could also be shoum that a 
definite effect on tumor size was obtained with high doses of theelin. In 
general, the average size of test tumors in animals receiwng high doses 
of the estrogen was smaller than tliat of test tumors in animals recemng 
low doses. Of course, the test tumors of botli groups were much smaller 
than those in the “virulence controls,” i. e., the completely untreated. 
Furthermore, the relative diminution in size, compared with that in the 
“virulence controls,” was more striking than tliat found in animals udth- 
out tail inoculation (see d, below). The simultaneous shrinking of 
testicular weight is of interest as collateral evidence of estrogen effect. 

In albino males, strain A, experiment 6 showed a striking complete 
resistance to the inoculated tumor. In short, no test tumors developed. 
It must be conceded that possibly the tumors used in experiments 6a and 
6b were not particularly virulent. 

Theelin. then, did definitely enhance the final outcome of immuniza- 
tion. 



Table 3. — Does Thcelin Enhance Immunity? 
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As to possibility d, one would logically predict a positive effect ; i. e., 
since possibility c minus possibilities a and h equals possibility d, the last 
should be the important feature. That this was indeed the case can be 
seen from table 3. Experiments 7 and 8 on black adult animals, strain 
C-57, indicated a definite increase in the number of completely immune 
animals. There was likewise a difference in size between those test 
tumors which did develop and the tumors in the “immunit}’’ controls.” 
Of course, both were smaller than the tumors in the “virulence controls.” 
The results agree rather well with those of c.xperiment 5 as contrasted 
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Fig. 2. — Effect of huge doses of theelin on size of tumors in tumor-immunized 
mice. The values at the left represent the mean diameter of tumors in millimeters. 


with those of experiments 3 and 4. Experiments 9 a, b, c on albino adult 
males, strain A, gave similar results, as shown in figure 2. 

In summary, the complete answer to question 2 is as follows : The 
estrogen does not increase markedly the efficiency of the immunizing 
procedure. After completion of the immunization, however, the estrogen 
markedly accentuates its effect. 

Table 4 gives the results of statistical analysis of several experiments, 
appropriately combined. Only the immunized animals, with and without 
estrogen, have been compared. The probability that the diffei'ence 
reported is fortuitous is about 3 in 100 in individual groups. This figure 
neglects two other features which make for even less uncertainty, i. e.. 
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the considerable percentage of completely immune animals and the 
greater security of repeated observations. 

It is known, in general, that some groin tumors provoke “immunity’^ 
against themselves as they grow. Thus Andervont reported the fre- 
quent regression of sarcoma 37 after this tumor had attained a con- 
siderable size in strain M mice. Likewise sarcoma 180 grows and 
regresses in strain I mice.'^ No such regression of sarcoma 180 occurs 
ordinarily in the strains used in the present experiments. In partially 
immunized animals of albino strain A however, such regression does 
occur. Furthermore, as shown in table 1, experiments 1 to 3, the 
response of the black C-57 animals to theelin suggests that the estrogen 
enhanced a slight immune response which otherwise might have escaped 
notice. 

Table 4. — Statistical Analysis Indicating Possibility that Results After 
Injections of Theelin Were Mere Chance 


Animals Treated 
Tmmme with Theelin After 
Controls Immunization 

> , , » 


jUenn Mean 

Diameter Diameter 

Dxperiraental of Tumors, of Tumors, 

Combinations Number Mm. Number Mm. n s t P 

I, land 2 2S 17.0 SO lO.S 5C 2.S0 10.2G 0.000 

III, Ea and Sb 12 11.0 5 7.5 15 2.42 2.72 0.01(7) 

in, 7 and S 14 12.1 0 9.3 18 2.35 2.44 0.03 

III, 9b and 9c 15 13,0 10 S.7 23 4.43 2.71 0.01(3) 


n = degrees of freedom; t = dillerenco of moans divided by standard error of this difference, 
adjusted for n; P = probability of a diffcrenco ns great or greater than that occurring by 
chance alone. (Fisher, R. A.: Statistical Methods for Research Workers, ed. 0, London, Oliver 
& Boyd, 1936, chap, 5. Mcllor, J. W.: Higher Mathematics for Students of Physics and 
Chemistry, ed. 4, New York, Longmans, Green & Co., 1931, chap. 9.) 


3. What is the effect of castration on the "inimnne” response? 

This question is pertinent because gonadectomy in females reduces 
the natural supply of estrogenic substance.^- One might expect, there- 
fore, that the castrated female host would be less resistant to tumor 
growth. 

The problem of castration was attacked according to scheme 6. 
Further stud)'' will be necessary in view of conflicting reports by Emge, 
Murphy and Schilling and by Bischoflf and Maxwell." It is interest- 
ing, however, that our preliminary results are not inconsistent with the 
findings given earlier in this communication. In table 5 experiment 1 on 
black animals, strain C-57, indicates that tumors borne by the castrated 
female hosts were slightly larger than those in the controls. In experi- 

11. Andervont, H. B.: Pub. Health Rep. 52:1885, 1937. 

12. Frank, R. T. ; Goldberger, M. A., and Salmon, U. J. : Proc. Soc. Exper. 
Biol. & Med. 33:615, 1936. Natbanson, I. T. : Unpublished data. 

13. Emge, L. A. ; Murphy, K. At., and Schilling, W. : Proc. Soc. Exper. Biol 
sSr Med. 38:21. 1938. 
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merit 2 there is perhaps an equivocal tendency in the same direction. 
The effect is not very striking, but the amounts of theelin involved are 
very much less than in the earlier experiments. In general, among the 
males there seems to be no striking difference from the controls, although 
a few test tumors wei'e unusuall}'^ large. 

According to Murphy and Sturm, the effect of castration varies 
with time. It may be that hypophysial hormones ai-e involved in this 
phenomenon, as suggested by Druclrrey,^' Our few results are reported 
merely to show that the observed experimental effects of castration and 
of treatment with theelin, respectively, are not inconsistent. 

LONGEVITY OF ANIJIALS WITH ARTIFICIALLY BENIGN TUMORS 

Sai’coma 180 is a highly malignant growth which kills the animal 
host soon after inoculation. For example, in a census of 131 inoculated 
control animals, all but a few were found to be dead eight weeks after 

Table 5. — Docs Caslralion Influence Immunity? 


Controls C-57 Cnstrnted Mice C-57 



Experi* , 
incDt 

r 

Males 

Females 

t 

ilalcs 

Females 

Number of animals 

— 1 

C 

C 

12 

12 

Moan tumor diameter at 3 ■weeks, mm 


IS.O 

17.0 

10.5 

22.0 

Jlean tumor diameter at 4 weeks, mm 


21.0 

10.0 

25.0 

27.0 

Averaeo deviation at 4 'weeks, mm 


±2.7 

±1.0 

±3.3 

±1.2 

Number of animals 

2 

15 

15 

15 

15 

Mean tumor diameter at 3 weeks, mm 


20.1 

14.0 

18.5 

IS.O 

Mean tumor diameter at 4 weeks, mm 


2-’.0 

10.S 

21.S 

23.5 

Average deviation at 4 weeks, mm 

.... 

-+-1.7 

±3.S 

-4-2.2 

±2.8 


inoculation. In fact, 24 had died four weeks after inoculation and 89 by 
the sixth week. Thus 68 per cent were dead in a few weeks. A census 
of 29 partially immune animals in which small tumors grew showed a 
striking contrast; 2 had died at ten weeks, 1 at three months and 4 at 
five months. Thus after five months 76 per cent of the animals were 
living. In some, indeed, the tumors had regressed. This longevity of 
the host is striking evidence that artificially induced benignancy is real. 

It should be noted that the huge doses of theelin used in our earlier 
experiments presumably influenced the pituitaiy, as reported by Cramer 
and Horning.’^® In interpreting the action of the estrogen, therefore, 
one must bear in mind the possibility of profound indirect effects. Pro- 
vided that large doses of theelin inhibit pituitary function, a secondary 
inhibition of tumor growth might result. Such an effect was reported 
by Ball and Samuels after hypophysectomy. 

14. Murphy, J. B., and Sturm, E. : J. Exper. Med. 42:155, 1925. 

15. Druckrey, H. : Arch. f. exper. Path. u. Pharmakol. 181:174, 1936. 

16. Cramer, W., and Horning, E. S. : Lancet 1 : 1056, 1936. 

17. Ball, H. A., and Samuels, L. T. : Am. J. Cancer 32:50, 1938. 
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COMMENT 

These results are consistent with the concept -■ that “malignancy” 
is a graded condition depending on a balance between tumor and host. 
The reciprocal relationship between the neoplasm and the host’s normal 
tissue can be altered by artificial variations in the immunization technic.® 
It can be altered likewise by endocrinologic changes in the host, as 
demonstrated in this report. 

The literature contains many references to estrogen as an aggravator 
of malignant disease.^® With few exceptions,^® most of these citations 
have to do with neoplastic degeneration of primary or secondary sex 
organs. The observations reported herewith, therefore, are of special 
interest for two reasons: First, they picture estrogen as a motivator 
for benignancy. Second, they have to do with the suppression of a 
tumor of nondescript fibrous tissue, unrelated to sex functions. 

The mechanism, however, whereby such suppression is produced 
remains obscure. It need not be a direct sterol effect.®® It may well 
involve a rearrangement of the balance between various endocrine glands 
of the host. Indeed, Cramer and ITorning observed adrenal degenera- 
tion in pure strain mice subject to mammary cancer. 

The literature also records other experiments designed to try the 
effect of androgenic and estrogenic substances on the growth of tumors. 
For example, Sugiura and Benedict®® and Wiesner and Haddow®® 
reported such studies. Some of these were surveyed by Bischoff and 
Maxwell.'’^ The results of most of them were negative, in accord with 
our experiments on the effect of theelin per se. A few investigators, like 
Zondek, Zondek and Hartoch®'* and Nitta,®® obtained positive results. 

18. Lacassagne, A.: Compt. rend. Acad. d. sc. 195:630, 1932. Gardner, W. U. ; 
Smith, G. M. ; Allen, E., and Strong, L. C. : Arch. Path. 21:265, 1936. Gardner, 
W. U.; Smith, G. M.; Strong, L. C., and Allen, E.: J. A. M. A. 107:656, 1936. 

19. Notably the work of Gardner, Smith, Strong and Allen.^ 

20. This statement does not mean that lipoids are unimportant in the produc- 
tion of cancer (cf. Claude, A.; Science 86:294, 1937). Nor does it imply that 
immunity is not directly associated with the malignant process. It is interesting 
that, according to Haddow and his collaborators, carcinogenic agents produced 
inhibition of the growth of transplantable tumors, as well as of general body 
growth (Haddow, A., and Robinson, A. M. : Proc. Roy. Soc., London, s.B 122: 
442, 1937. Haddow, A.; Scott, C. AI., and Scott, J. D. : ibid. 122:477, 1937). 

21. Cramer, W., and Horning, E. S. : Nature, London 139:196, 1937; J. Path. 
& Bact. 44:633, 1937. 

22. Sugiura, K., and Benedict, S. R. : Am. J. Cancer 18:583, 1933. 

23. Wiesner, B. P., and Haddow, A.: Nature, London 132:97, 1933. 

24. Zondek, H.; Zondek, B., and Hartoch, W,: Klin. Wchnschr. 11:1785 
1932. 

25. Nitta, Y.: Jap. J. Obst. & Gynec. 19:90, 1936; abstracted. Am. J. Cancer 
31:112, 1937. 
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The experiments presented herewith go far toward reconciling the 
apparent discrepancies between several investigators, some of whom 
relied on physiologic changes or doses of physiologic magnitude, while 
others (e. g., Zondek, Zondek and Hartoch) used large amounts of 
estrogen. 

Among the negative effects reported for theelin are those of Emge, 
Murphy, and Schilling,^^ who studied the effect of this estrogen on 
transplantable mammary rat adenofibroma. Their findings in white rats 
were corroborated by our results in albino mice of strain A zuhen pre- 
liminary immunisation zvas omitted. Thus the apparent' discrepancies 
in the literature can be explained on two grounds: that of dosage and 
that of immune reaction. 

It should be emphasized that this work is not concerned with the 
origin of neoplasms. It has to do merely with their continued existence 
and growth. The animal host is regarded as an animated culture 
medium which may be made, to a vaiying degree, favorable or unfavora- 
ble to tumor growth. This concept was clearly established earh’’ in 
this centur3\-“ 

SUMMARY 

Pedigreed mice were artificially "immunized" against sarcoma ISO 
by preliminary inoculation in the tail. In such animals the “immunity’' 
was enhanced by large doses of theelin, given while the test tumors 
were developing. The number of completely immune animals was 
increased. Furthermore, in nonimmune animals, strain C-57, the rate of 
growth of the implanted tumors was somewhat slowed by the administra- 
tion of theelin while these test tumors were growing. In albino animals, 
strain A, however, the latter effect was not noted. The effect of the 
estrogen on the growth of the tumors, therefore, v'as probabi}'’ not a 
direct inhibition on the tumors. The estrogen secondarily enhanced a 
primary inhibiting mechanism. 

Castration of females possibly decreased resistance to tumor growth, 
but the effect was slight at best. 

These results in toto suggest that the fate of an inoculated tumor 
is partly determined by the endocrinologic status of the host. 

26. Clowes, G. H. A.: Bull. Johns Hopkins Hosp. 16:130, 1905. Bashford, 
E. F. ; Murray, J. A., and Cramer, W. : Proc. Roy. Soc., London, s.B 79:164. 
1907. Lumsden, T. : Am. J. Cancer 15:563, 1931; Lancet 2:814, 1929. 



EPITHELIAL FUNCTIONAL REJUVENATION OBSERVED 
IN THE MUCOUS CELLS OF THE GASTRO- 
INTESTINAL TRACT AND THE PARIETAL 
CELLS OF THE STOMACH 

NICHOLAS W.' POPOFF, M.D. 

KOCHESTER, X. Y. 

Throughout the epithelial layer of the alimentary tract from the 
esophagus to the anus are found peculiar cells, scattered here and there 
among tlie other elements, ■which are known in histologj’^ as entero- 
diromaffin or argentochrome cells. Their histogenesis, though a subject 
of research for more than fifty years, is still a matter of debate, and 
their physiologic role remains unknown. It is generall}* held that these 
cells are of entodermal origin. There are. however, investigators who 
claim ectodermal origin for tliem. Neither initial nor terminal stages 
of their histogenic cycle have been traced with certaint}'. There is no 
generally accepted concept concerning their function. The range of 
theories runs from restrained presumptions to fantastic assumptions. 
Some believe that they are externally secreting (exocrine) digestive 
glands. Others consider them as absorbing cells. On account of their 
topographic distribution and their specific reducing power they are 
regarded by some as glands of internal secretion. Their endocrine func- 
tion is linked with the metabolism of carbone h}’drate, the production of 
secretin, the secretion of epinephrine, the formation of antianemic 
factors and other processes. In the opinion of some investigators, 
argentochrome cells discharge their secretion neither into the lumen of 
the alimentary tract nor into the blood and lymph streams, and their 
secretion acts only locally on the nerves. The latter hypothetic action is 
designated as a neurocrine function. There is no better critical renew 
of this controversial subject than that by IMacklin and I\lacklin,^ and 
further discussion of other theories may be omitted here. In closing 
their review on the nebulous condition of present day knowledge of the 
argentochrome cells IMacklin and Macklin come to the conclusion that 
the most that can be said of the function of these cells is that it con- 

From the Departinent of Pathology*, Highland Hospital. 

This -n-ork was aided by a grant from the Committee on Scientific Research 
of the American Medical Association. 

1. Macklin, C. C. and Macklin. M. T. : The Intestinal Epithelium, in Cowdrj-, 
E. V. ; Special C>-tolog>- ; The Form and Functions of the Cell in Health aiid 
Disease, ed. 2, New York, Paul B. Hoeber, Inc.. 1932, vol. 1, p. 233. 
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stitutes an engaging problem, solution of which is a challenge to 
investigators. 

From analysis of the vast literature on this subject it is apparent that 
progress in this field of research is hindered chiefly by limitations on the 
methods employed in the study of this problem. So far only histologic 
methods are available for the study of the physiologic and pathologic 
aspects of these cells, and the main and recommended methods of silver 
impregnation are complicated, time consuming and of doubtful specificity. 
Cumbersome and uncertain, they remain practically inapplicable to the 
study of argentaffin cells under various experimental conditions. 
Morphologic studies made with these methods cover the subject in a 
most exhaustive way, and nothing new can be e.xpectcd from ree.xamina- 
tion of this problem by these means. 

In discussing the reasons for the limitations of the methods in use 
the following eight points of criticism arc justifiable: 

1 . Trinitrophenol-formaldehyde solution (Bouin’s picroformol fluid) 
is recommended as the fixative of choice, but repeated warnings are given 
to the effect that fixatives containing mercury bichloride or potassium 
bichromate are detrimental and should not be employed. For topographic 
and general cytologic studies Bouin’s fluid is indeed valuable but is not 
generally recognized to be of value for fine histologic studies. It destroys 
much of the cell content and thus gives an incorrect picture of the cells. 
An ingredient of this fixative that is most injurious to the finer con- 
stituents of the cell is acetic acid. It is common knowledge among 
modern workers that a cell fixed in a solution containing acetic acid 
has a more “raked out” appearance than one fixed in a solution from 
which acetic acid has been omitted. This applies not only to cell granules 
but to the appearance of the ground c3'toplasm, nucleoli and chromatin 
filaments (Lee-). By hemolyzing the erythrocytes acetic acid destroys 
their reducing power. Bouin’s fluid is of no value for fine hematologic 
studies, and certainly it is not the fixative of choice for studies of intra- 
cellular structures. 

2 . Ammoniacal silver is considered to be the only proper solution for 
use in demonstrating silver-reducing granules. The ways of preparing 
this solution are not governed by exact standards of chemical procedure, 
and the time required for impregnation is long and beyond objective 
control. With the methods most commonly employed now, the step of 
sih’^er impregnation alone requires from thirt3'-six to fort3'^-eight hours. 

3 . The formation of metallic sols prepared with reduction methods, 
their dispersity, their stabilit3'’ and their precipitation depend on the type 

2. Lee, A. B. ; The Microtomist’s Vade-Mecum: A Handbook of the Methods 
of Animal and Plant Microscopic Anatomy, ed. 10, Philadelphia, P. Blakiston’s 
Son & Co., 1937. 
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of reducer employed. It might be expected, then, that by trying a new 
and more effective reducer different results could be obtained from histo- 
chemical impregnation. 

4. In all present day methods, counterstaining is done after silvering, 
and it is questionable whether this way of counterstaining can be con- 
sidered dependable in tracing various morphologic changes concomitant 
with the life cycle of the epithelial silver-reducing cell. 

5. It is reasonable to expect that the initial formation, accumulation 
and disappearance of silver-reducing granules must be preceded or fol- 
lowed by detectable changes in the nuclei of corresponding cells. The 
methods in use offer no selective technic for the study of this aspect 
of the problem. 

6. Simultaneous and practically unavoidable impregnation of various 
forms of wandering cells, maci'ophages, lymphocytes in transition, gran- 
ular leukocytes and their forerunners is one of the most serious defects 
of methods employed now. This technical defect has served as a main 
source of confusion and has led a number of investigators to incorrect 
conclusions concerning the histogenesis aird function of epithelial silver- 
reducing cells. It is obvious that the technical problem of tinctorial 
differentiation between epithelial silver-reducing cells and the various 
silver-reducing cells of mesodemial and ectodermal origin is of utmost 
importance. 

7 . It is claimed that the granules of Paneth cells are not impregnable 
with the silver methods commonly used. A reexamination of this ques- 
tion with the aid of a new technic is of considerable importance. 

8. If specific diphenols are responsible for silver and chrome reduc- 
tion, trials with the reduction, of other metals are more than justifiable. 

ADVANTAGEOUS FEATURES OF THE NEW TECHNIC 

As a result of the investigations to be reported here, the objectionable 
points just discussed may be corrected by the use of a new technic based 
on entirely new principles. Introductoiy statements concerning the 
important features of the new methods, arranged in an order corres- 
ponding to that of the discussed eight points, are as follows : 

1. In these newly devised methods the trinitrophenol-formaldelyde 
solution is replaced with a fixative introduced by Helly. 

2. Ammoniacal silver is replaced with silver nitrate solution and the 
time of silver impregnation is reduced from forty hours to ten minutes. 

3. A new and specially adjusted combination of hydrazine hydrate 
and water blue has been prepared and serves as the reducer of choice. 
Applied for five minutes, this solution acts simultaneously as a reducer 
and as a counterstain. 
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4. Counterstaining with safranin and with eosin is done before 
silvering, and the results offer new information pertaining to the life 
cycle of the silver-reducing cells. 

5. With the combined eosin-potassium bichromate-water blue- 
silver technic, the silver-reducing cells show in their various phases of 
activity certain important nuclear changes which are not demonstrable 
with ordinary methods. 

6. The rapid and easily controlled technic of silver impregnation 
and the use of certain chemicals, applied before silvering, have served 
to differentiate various tissue elements by disclosing either comparative 
degrees of silver-reducing power or loss of this power. 

7. Paneth cells in a certain phase of their secretoiy activity show 
with the new technic granules which gi^'e a silver reduction reaction. 

8. It has been found that with a modified technic the other metals 
(mercury, gold, tellurium and bismuth) may give reduction reactions 
similar to those obtained with silver. Their tinctorial effect is not as 
good as that obtained with silver, but their histochemical significance is 
identical. 

PRINCIPLES UNDERLYING THE NEW METHODS 

Before describing the new methods it is desirable to discuss (1) the 
principles underlying them, (2) the types of reagents employed and (3) 
the tinctorial and impregnation results obtained with each method. With 
all these newl}' devised methods the fixative employed is Helly’s fluid. 
The essential prerequisite is that the tissues must be perfectly fresh. The 
tissues are run through alcohols and embedded in accordance with the 
chloroform-paraffin method. 

The principle of the first and main silver method is based on 
the reduction of silver nitrate with a hydrazine hydrate-water blue mix- 
ture. When the hydrazine hydrate (HoN-NI-L) is added to the solution 
of water blue, there is formed immediately a yellowish leulcocompound. 
Acting as a reducer, this leukocompound, on reoxidation and change of 
pii, gives also an excellent effect of counterstaining. Hydrazine hydrate 
alone, applied in equivalent dilution, fails to give reductions similar to 
those obtained with the leukocompound. A leukocompound formed 
on heating the solution of water blue with zinc dust and applied to 
sections after silvering gives only faint traces of reduction. It is appar- 
ent, then, that the selective efficienc}’’ of the new reducer depends on a 
fitting combination in one solution of hydrazine hydrate and water blue. 
With this reducer, a solution of silver nitrate as weak as 0.04 per cent 
applied for ten minutes only is sufficient to impregnate epithelial silver- 
reducing granules. An important step, without which the methods 
described fail to work, is a thorough treatment of the sections with 
aqueous solution of iodine, and this must be done before silvering. 
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Tiie main silver method impregnates in a specific tvay tlie granules 
of certain epithelial and mucous cells, the nuclei of certain mucous cells, 
the granules of certain parietal cells of the stomacli, certain granules 
of Panetlt cells, macrophages, certain leukocytes and the fine reticulum. 
Helly’s fixative presen-es excellently all the blood elements, and tlie 
metliod just described impregnates also tlie erytlirocytes tvitli an eiiect 
that is equal to tliat obtained ndtli any good peroxidase reaction. 

In tlie first variant of the main metliod sections are stained first 
with safranin. Then they are treated wfith silver nitrate solution and 
reduced until tlie hydrazine hydrate-tvater blue leukoconipound. The 
unusual ^*alue of this method is that it stains the mucus of tlie goblet 
cells selectively and vdtli tinctorial differentiations corresponding to the 
\-anous phases of their life cycle. In line until tlie tinctorial differ- 
entiation of mucus it depicts also corresponding stages of cellular 
transformations whicli are associated until tlie appearance of tlie silver- 
reducing granules in tlie mucous cells. 

In the second ruriant of tlie main metliod sections are stained first 
with tlie potassium bidiromate-eosin-ammonium hydroxide mixture. 
Then they are treated with silver nitrate solution and reduced with the 
hydrazine hydrate-water blue leukocompound. Though botli the dyes 
employed (eosin and water blue) are acid, tlie tinctorial effect obtained 
is sudi that eosin acts as a nudear dye and stains only nudei of certain 
mucous cdls. The nudei of other mucous cells eitlier are impregnable 
with silver or appear rnolet blue, blue and light greenish blue. Com- 
paring tlie tinctorial effect of tliis method u*ith tliat of tlie main silver 
method, one perceives that the nudear eosinophilia and the nudear 
silver-redudng power shoum by certain tr-pes of mucous cdls are 
similar in tiidr biologic significance, '\^^lile the nudd are silver redudng 
until the main method, until die second variant of that method the nudei 
of the same riqies of mucous cdls appear eosinopliilic or silver redudng. 
In otlier words, these two methods are reciprocal. Widi tliis second 
wiriant die granules of eosinophilic leukocntes stain a deep red. and 
this facilitates cellular differentianon, wliidi is rather difficult until die 
main silver method, as the latter impregnates die granules of these cdls 
and the granules of true epithelial cdls with almost equal intensih-. The 
nudei of active histiocytes, espedally of those engaged in the fonnadon 
of reticulum, are stained red with this variant method, while thdr fine 
protoplasmic processes appear black. This method offers also additional 
facilities for differential studies of the transfoniiation forms derived 
from free and fixed dements of the mesendnmie. 

The results obtained indicate that the common affinih- of certain 
tissue elements for silver can be dissodated by a combination of wirious 
tinctorial and chemical factors. Of chemical factors, die fn of the water 
used for unshing sections before the sliver bath and the strength of the 
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silver nitrate are of essential importance. Washing the sections before 
silvering in water of above pn 7 intensifies or increases the impregna- 
tion i)henomenon, while washing in water of below pn 7 weakens it. If 
the wash water used before silvering is of pn 7 and the time of silver 
impregnation is the same, the comparative degree of the silver-reducing 
power of each tissue element can be followed uj3 by modifying the 
strength of the silver nitrate solution used. Thus, on decreasing the 
strength of the silver nitrate solution from 4 per cent to 0.04 per cent, 
the combination of the three methods described facilitates to a great 
extent the matter of cellular difi'erenliation. In addition to this, the 
following simple test has been found of service: If sections are treated 
first with 30 per cent hydrogen dioxide in an alkaline medium for fifteen 
minutes and then the main silver method* is applied, some epithelial cells 
lose and some lessen their argentaffinity, while the argentaffinity of 
mesenchymal elements remains intact. 

Mercurous nitrate (HgNO..I-LO) in a 2 per cent aqueous solution 
applied for three to five minutes and reduced with the hydrazine hydrate- 
water blue leukocompound gives a reduction reaction which is equiva- 
lent to that obtained with silver. Similar reduction reactions are 
obtained on treating sections with this mercurous nitrate solution and 
reducing it with a 4 per cent aqueous solution of stannous chloride 
(SnCL 2I-LO) or with ammonium sulfide (light hydrosulfidc solution). 

Sections treated with gold chloride solution and reduced with 
hydrazine hydrate leukocompound fail to show a selective gold reduc- 
tion reaction. If, however, sections are treated first with 1 per cent 
potassium tellurite or with a 2 per cent bismuth nitrate-d-mannitol 
solution or with 50 per cent formic acid and are then reduced with the 
hydrazine hydrate-water blue leukocompound and toned afterward with 
gold chloride, reduction reactions take place in the cells which corre- 
sponds to those of epithelial argentaffin cells. 

MATERIAL EXAMINED AND SCOPE OF EXPERIMENTATION 

Simple in technic and selective in results, the methods described ofter 
a new opportunity for studies of the morphologic and functional aspects 
of the silver-reducing cells of the gastrointestinal tract. In the present 
studies only rabbits and fresh human surgical material were used. The 
human surgical material examined included a large variety of inflam- 
matory and neoplastic processes. The specificity and selective property 
of these newl}'^ devised methods depend essentiall}'^ on the freshness of 
the tissues, and for this reason no human postmortem material was 
used in these studies. In this work entire attention was concentrated 
on subjects pertaining to the histophysiologic aspects of the epithelial 
silver-reducing cells, and material obtained from normal rabbits, and 
rabbits used for experiments formed the foundation of the investigation. 
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The purpose of these experiments was to investigate the response 
of the intestinal epithelial silver-reducing cells after local and general 
application of various chemical substances. This response was studied 
in conjunction with concomitant changes in other constituents of the 
mucosa. The same material was also used for studies of the terminal 
vascular system of the gastrointestinal tract, and for this reason 
extremely detailed studies of the entire wall were made in every instance. 
The stomach, small intestine, appendix and sigmoid (including the rec- 
tum) were studied in rabbits. Control tissues were taken from normal 
fasting animals kept on full vitamin diet, from animals at different stages 
of digestion and from animals kept on different types of diet. 

TECHNIC OF EXPERIMENTS ON RABBITS TO ASCERTAIN EFFECT 
OF APPLICATION OF CHEMICAL SUBSTANCES TO 
GASTROINTESTINAL MUCOSA 

The local effects of various chemical substances were studied in the 
following way: 

The animal was kept fasting for twenty-four hours and was then anesthetized 
with ether. The abdomen was opened, and on both sides portions (loops) of the 
intestine were ligated with the least handling possible and away from blood 
vessels. Tlie chemical substance was warmed to body temperature and introduced 
into the lumen with the aid of a syringe needle (G-24) and through a spot free 
from visible capillaries. Into an adjacent loop, made in a similar manner, as a 
control, was injected physiologic solution of sodium chloride. The needle was 
withdrawn without signs of hemorrhage or return leaking. In some comparative 
e.xpcriments two or three isolated loops were made in the same segment of the 
intestine, and into each loop a different substance was introduced. The abdomen 
was then closed with sutures and the animal, left alone without anesthetic, was 
kept alive for a period varying from ten minutes to one hour. On completion of 
the c.xperimcnt the rabbit was disposed of cither by an injection of air into the 
car vein or by a blow over the iieck. The abdomen was then reopened, the mesen- 
teric blood vessels supplying the experimental and the control portions of the 
intestine were ligated, and the entire segment of intestine was removed gently 
and without loss of blood. In each instance the segment removed contained an 
adjacent part of the intestine into which the chemical substance had not been 
injected as a control. 

The whole tissue was then placed in Holly’s fixative for fifteen minutes. Each 
individual loop, including the control loop, was cut across into small segments ; 
the lumen of each segment was washed out with Helly’s fixative, and the trimmed 
segments were placed in fresh Hcll}’’s fixative for twenty-four hours. Control 
tissues also were fixed in this wa 3 % After being removed from the abdominal 
cavitj', the intestinal loops were immcdiatcl 3 ’' cut across into small segments, and 
the content of each segment was washed out with 10 per cent formaldeh 3 ’de and 
placed in Helly’s fluid for twcnt 3 '-four hours. Certain parts of the intestine, 
even after being I'cmoved from the abdominal cavit 3 % remained sensitive to handling 
and to thermal shock. This necessitated controls with fi.xation performed in situ. 


3. Popoff, N. W. : .Arch. Path., to be published. 
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The latter was done by disposing of the animals in the manner already described 
and filling the abdominal cavity with the Helly fixative, which had been warmed 
to body temperature and introduced without touching the experimental and control 
portions of the intestine. 

Experiments also were made with the object of studying tlie effects 
on the metallic reduction reaction itself of a delay in fixation of from 
ten minutes to four hours. These experiments were helpful in offering 
an opportunity for further study of the phenomenon of Mingazzini. 
The entire work reported here was based on examination of tissues with 
the aid of serial sections. 

The following fifteen chemical substances were investigated with 
regard to their respective local effects on silver-reducing and other cells 
of the intestinal tract : 

1. Epinephrine in solution (1:3,000 to 1:1,000) 

2. Atropine (0.02 mg. dissolved in 5 cc. of distilled water) 

3. Benzyl benzoate in solution (benzyl benzoate, 20 per cent; alcohol, 75 per 
cent), with 75 per cent and 40 per cent alcohol as parallel controls 

4. Physostigmine (1 mg. dissolved in 5 cc. of distilled water) 

5. Dextrose in solution (1: 10) 

6. Histamine in solution (1 : 10,000 to 1: 1,000) 

7. Lactic acid in solution (1:20) 

8. Aqueous solution of iodine (in strength originally employed by Gram) 

9. Magnesium sulfate in solution (1 : 10 and 1 : 5) 

10. Sodium carbonate in solution (1:20) 

11. Volatile oil of mustard U. S. P. (3 per cent in olive oil) 

12. Ox bile (10 per cent dried Baclo ox bile in distilled water) 

13. Pilocarpine (0.015 mg. dissolved in 5 cc. of distilled water) 

14. Sodium nitrite (0.003 mg. dissolved in 5 cc. of distilled water) 

15. Silver nitrate in solution (1:20) 

In the study of general or indirect eft'ects, the following substances, 
administered subcutaneously, were used: 

1. Epinephrine, 0.5 mg. 

2. Histamine, from 0.05 to 1 mg. 

3. Pilocarpine, 0.5 and 1 mg. 

Animals were disposed of at different intervals after injection, and tissues were 
taken care of in accordance with the technic already described. 

HISTOLOGIC TECHNIC 

Tissues were fixed in Helly’s fluid for twenty-four hours, washed in running 
water for twenty-four hours, dehydrated in ascending alcohols (the time not 
exceeding thirty-six hours altogether), placed in chloroform for twelve hours 
and in chloroform saturated with paraffin twelve hours, passed through three 
changes (five hours each) of pure paraffin without beeswax and then embedded 
in the usual way. 
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Serial sections were attached to the slides with the aid of Masson’s gelatin- 
dilute formaldehyde method (Masson^). To remove the paraffin, sections were 
run through three changes of xylene. On being taken out of the last change of 
xylene, the slides were plunged into 0.2 per cent pyroxylin in alcohol-ether for one to 
two minutes ; they were removed and the excess of pyroxylin solution was drained 
off quickly, after which they were placed in 80 per cent alcohol. Devised by 
Regaud, this method of pyroxylinization assured perfect attachment of serial 
sections, which is essential in work with metallic impregnation. From the 80 
per cent alcohol the sections were transferred to distilled water (pn 7) for fifteen 
minutes (three changes of five minutes each), placed in Weigert’s aqueous solution 
of iodine for twenty- five minutes, run through distilled water (pn 7) for three 
minutes, 95 per cent alcohol for five minutes and distilled water (pn 7) for three 
minutes, placed in 4 per cent sodium thiosulfate for ten minutes and washed in 
three changes of distilled water (pn 7) for fifteen minutes altogether. The sections 
were then ready for staining and silver reduction. 

The first or main method requires the following six reagents: (1) distilled 
water of pn 7, (2) distilled water of pn 6, (3) 4 per cent silver nitrate solution, 
(4) reducer, (S) 1 per cent acetic acid, freshly prepared each time to avoid 
contamination with molds, and (6) 4 per cent sodium thiosulfate. 

The silver nitrate solution is made of Merck’s blue label silver nitrate dissolved 
in freshly distilled water. The distilled water used is obtained with the aid of 
an all metal distiller, and no interference with metallic impregnation reactions 
is noticed. The stock solution of silver nitrate is stored in a perfectly clean bottle 
with a glass stopper and kept in a dark place. The working solution is made 
each time by filtering the required amount into a perfectly clean brown glass 
dropping bottle. 

The reducer is prepared by adding to 10 cc. of aqueous 2 per cent water 
blue (Wasserblau-6B Extra P-Holborn) 10 drops of hydrazine hydrate (Eastman 
Kodak-P902 42 per cent in water). As the hydrazine hydrate is added drop by 
drop and the mixture shaken, the blue color of the water blue solution is rapidly 
changed to a light port wine color. This leukocompound is filtered into a per- 
fectly clean brown glass dropping bottle, and if kept in a dark place and tightly 
closed with a well grounded glass stopper it does not deteriorate for quite a long 
time. In work reported in this paper a freshly prepared reducer was used 
each time. 

The technic being simple and rapid, all procedures of the combined staining 
and reduction are carried out on the slide at room temperature, the only precaution 
being to avoid exposure to direct light. 

Method 1 . — This is the silver-water blue method. The steps are as follows: 

1. Use a dropping bottle flood section prepared as directed in the foregoing 
text with 4 per cent silver nitrate and leave it on the slide for ten minutes. 

2. Drain off the excess of silver solution and blot the slide with a pad of filter 
paper. When blotting the next slide, use a clean space on the filter pad. 

3. Without letting the section become dr}--, flood it quickly with hydrazine 
hydrate-water blue leukocompound and leave this applied for five minutes. The 
section turns rusty brown and is covered with a multitude of minute bubbles. 

4. Masson, P. : Diagnostics de laboratoire: Tumeurs — diagnostics histo- 

logiques, Paris, A. Maloine & Fils, 1923. 
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4. Wash the section by gently pouring distilled water of pn 7 from a beaker, 
and after washing blow gently over the surface of the slide. Repeat this procedure 
quickly three times. The section turns j'cllowish green. 

5. Place the slide in 1 per cent acetic acid, moving it up and down a few times, 
and leave it in the acid for five minutes. Here the section turns blue. 

6. Place the slide in distilled. water of pn 7 and wash it in three changes of 
distilled water of pn 7 for three minutes altogether. 

7. Flood the section with 4 per cent sodium thiosulfate for four minutes. 

8. Rinse and then place the slide in distilled water of pn 6 for three minutes, 
moving it up and down a few times. During this time the excess of blue is removed. 
Then transfer the slide into a fresh change of distilled water of pn 6 for seven 
minutes. 

9. Dehydrate the section in 95 per cent alcohol for thirty seconds and follow 
with two changes of absolute alcohol of one minute each. 

10. Prepare with X34ene and balsam in the usual waj-. 

Six slides can be handled easily at one time, the entire procedure taking fortj'- 
five minutes. Up to procedure 6 it is important each time to wipe off the end of 
the slide which is handled with metal forceps or to have the ends of the metal 
forceps well coated with paraffin. This procedure is to be used in all methods 
described. 

Method 2. — This is the safranin-silver-water blue method. 

1. After deparaffmization and treatment with aqueous solution of iodine, wash 
the sections as in the first method, with three changes of distilled water of pn 7 
for fifteen minutes. 

2. Flood the sections with alcoholic safranin solution for ten minutes. This 
stain is made by diluting saturated alcohol-soluble safranin (Hollborn) with an 
equal part of distilled water of pn 7. A 25 per cent aqueous solution of heat- 
saturated water-soluble safranin (Hollborn) ma}- be used. Distilled water of 
pn 7 is used in making safranin solutions. 

3. After the treatment with safranin, wash the sections in three changes of 
distilled water of pn 7 for three to five minutes altogether and then follow the 
technic of the first method from step 1 with onh' two modifications : (a) Instead 
of 4 per cent silver nitrate use 2 per cent silver nitrate, and (i) after slides are 
placed in 1 per cent acetic acid, keep them there for three minutes (here they 
give off the excess of safranin). Then transfer them into a fresh change of 
1 per cent acetic acid and leave them in this for an additional three minutes. 

Method 3. — This is the potassium bichromate-eosin-silver-water blue method. 

1. Prepare sections for staining as described in the foregoing text. 

2. Stain sections with the potassium bichromate-eosin-ammonium Iwdroxide 
mixture for twent}' minutes. To make this mixture add to 7 cc. of 6 per cent 
aqueous potassium bichromate 3 cc. of 1 per cent yellowish water-soluble eosin 
(Hollborn), and to this mixture add 1 drop of ammonium hydroxide. 

3. Using distilled water of pn 7, rinse the sections and wash them with two 
changes of water for two minutes altogether. 

4. Proceed now from step 1 of the first method. If the potassium bichromate- 
eosin mixture emplo 3 'ed in this method is made without adding ammonium 
hydroxide, is filtered and applied, it gives somewhat different tinctorial and impreg- 
nation results, which are very instructive for comparative stud 3 \ 
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The reagents used and the basic principles of the seven variants of the reduction 
tests made with mercury, gold, tellurium and bismuth have been discussed pre- 
viously in this paper. Whether impregnation in these tests is combined with 
staining or is employed alone, the pretreatment with aqueous solution of iodine is 
essential. 

RESULTS FROM STUDY OF THE SIGMOID 

In describing the results of these investigations each anatomic part 
of the alimentary tract is considered separately. In this report the 
sigmoid is chosen first for the following reasons : ( 1 ) Compared with 

other parts of the alimentary tract, it has the simplest histologic struc- 
ture and (2) its secretory product comes from one cellular source and 
does not contain significant amounts of enzymes. The sigmoid is devoid 
of villi ; its glandular coat is lined with simple columnar epithelium, rich 
in goblet cells, and, as a rule, no cells of Paneth are found. Lymphoid 
follicles are scattered singly, and this permits studies on selected parts 
of the intestines devoid of this tissue-complicating structure. 

The sigmoid of a full grown young rabbit that has been kept fasting 
for twenty-four hours is taken as the standard normal control. The 
results obtained with the newly developed methods are constant and 
uniform. The commonly observed type of silver-reducing cell in the 
sigmoid is that which is described in textbooks of histology as an 
argentaffin cell. With its broad base adhering closely to the basement 
membrane, this cell has the form of a conical flask with a cytoplasmic 
continuation directed toward the lumen. In certain instances only this 
type of silver-reducing cell is found (fig. 1).'^ It is the easiest type 
of cell to demonstrate, as it gives positive impregnation even with a 
very weak solution of silver nitrate (0.04 per cent applied for ten 
minutes). Figure 1 shows that these cells are equally numerous in the 
tip and at the bottom of a fold. 

Neither the type nor the number of argentaffin cells is the same 
everywhere. Some sections show a considerable number of these cells 
scattered here and there, and in others none are found. On examining 
a vast variety of serial sections one notes that coincident with impreg- 
nation of granules in argentaffin cells there is silver impregnation of 
granules in certain mucous cells (fig. 2 A). On applying a gradually 
decreasing concentration of silver nitrate (4 to 0.04 per cent) one finds 
that the impregnation shown by the granules of these mucous cells can- 
not be attributed to a fault in technic. In some mucous cells the granules 
are small and few (fig. 2 A, right side of the field). In other cells 
they are large, numerous and segregated chiefly in the perinuclear zone 
(fig. 2 A, central and left glands). The nuclei in these cells are pushed 
to the base, their structure appears indistinct, and they also show the 

5. The photomicrographs were prepared by Mr. M. C. Orser, of the school of 
medicine of the University of Rochester. 




Fig. 1. — Two fields of the same section, showing argentaffin cells equally 
numerous in the tip and in the bottom of a fold of the sigmoid (X 100). 
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silver-reducing property (fig. 2 A). These cytoplasmic and nuclear 
phenomena are observed repeatedly and in a vast variety of materials. 
With the second, or safranin-silver— water blue, method, some of the 
mucous cells stain a deep safranin-Van Dyke brown, some pure deep 
safranin, some light safranin ; some take only water blue, and certain cells 
do not take an}' stain, remaining, so to speak, chromophobe (fig. 3 C and 
11 B). The silver reduction retains a selectiveness similar to that 
obtained with the first method. These observations indicate that there 
is a definite interrelationship between tinctorial types of mucous content 
and the positive or the negative reduction shown by the corresponding 
cells. The first appearance and gradual increase in cytoplasmic and 
nuclear power to reduce silver takes place side by side with a tinctorial 
change of mucous content from pure safranin to mixed safranin-Van 
Dyke brown. 

The nuclear clianges just described are of considerable importance. 
The information furnished with tlie two methods applied is insufficient, 
however, to enable one to draw any conclusions as to the significance of 
the nuclear changes observed. W^ith the third, or potassium bidiromate- 
eosin-silver-water blue, method, some nuclei take water blue, some 
show affinity for eosin, and some show positive reduction of silver. 
It is in those mucous cells which show nuclear affinity for eosin or silver 
that cytoplasmic silver-reducing granules are found (fig. 11 C). 

It appears, then, that the structure of the normal sigmoid as seen 
with tlie new methods is far from simple. There can be no doubt that 
under normal circumstances the mucous cell passes repeatedly through 
successive phases of secretory activity. As the result of slow and incom- 
plete evacuation the fully developed mucous cell, which will be designated 
as cell type 1, undergoes a change in appearance and is transformed 
into cell type 1-a. When evacuation is rapid and complete, type 1 is 
transformed into a slender, darkly staining cell,, or type 1-b. In both 
instances the cell after evacuating its contents returns to the original 
state or, so to speak, becomes type 1. These repeated and reversive 
changes represent the normal functional cycle of the fully developed 
mucous cell (fig. 41). 

In tracing these reversive morphologic clianges one sees that in some 
instances certain mucous cells fail to empty tlieir content in the usual 
fashion. The retained mucous content acquires gradually the. appearance 
of inspissated mucus, and its tinctorial property is changed. Instead of 
pure safranin, it stains safranin-orange or safranin-brown (fig.llj5). 
The nucleus begins to take eosin and later on acquires tlie silver-reduc- 
ing property. Side by side with this there appears in the cytoplasm a 
granular silver-reducing substance. The latter is found more abundantly 
in the basal and perinuclear zones of the cell. This cell is designated 
as type 1-c (fig. 2 A). As -a. further step in C3'tomorphosis, type 1-c is 




Fig. 2. — A, first stage, and B, second stage, in transformation of goblet cells of 
the sigmoid into argentaffin cells. In both A and B er 3 '^throc 3 'tes show selective 
reduction with silver. B shows extraglandular argentaffin cells of a mesench 3 ^mal 
nature; C, metastatic focus of gelatinous carcinoma with t 3 "pical argentaffin cells 
(X 430). 
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altered in the following ways: (1) It shrinks, and the cytoplasmic 
connection with the lumen of the intestine becomes progressively nar- 
rower; (2) it loses its property of staining with safranin; (3) its 
silver-reducing substance becomes more condensed and prominent; (4) 
the entire cell sinks gradually toward the basement membrane, and 
(5) the nucleus appears pushed to the basal part of the cell. It resembles 
now a typical argentaffin cell and is designated as type 2 (fig. 2 A, 
upper cell in central gland, and fig. 4). On further recession of type 2 
toward the basement membrane, the cytoplasmic connection with the 
lumen of the intestine becomes narrower and more pointed, and finally 
the cell retracts to such an extent that connection with the lumen no 
longer exists. It is now discoid, the inner convexity, facing the basement 
membrane, being flatter and broader. The nucleus of this cell loses its 
affinity for eosin and shows no silver-reducing property, and its cyto- 
plasm appears packed with condensed silver-reducing substance. This 
cell is designated as type 3 (figs. 2 B and 4) . Together with this type of 
cell are found similar cells having a more flattened, disklike shape, 
the content of which instead of being black appears brown, orange-brown 
or yellowish brown. This fading cell is designated as type 4 (figs. 3 B 
and 4). On comparing different varieties of this type of cell, one feels 
warranted in concluding that the fading and gradual disappearance of 
the silver-reducing property begin from the periphery of the cell and 
that the perinuclear zone is the last to lose its power to reduce silver. 
No evidence of excretion or of discharge of silver-reducing substance 
is found, and the cell itself does not perish in the course of this peculiar 
metamorphosis. It appears, then, that the transformation of the cyto- 
plasmic silver-reducing substance into a nonreducing silver substance 
IS executed by means of some intracellular chemical process. With the 
loss of silver-reducing substairce, a cell is formed bearing only a faint 
trace of water blue, which may justly be called a chromophobe cell, or 
type 5 (figs. 3 C and 4). This cell has the form of an uneven^ flattened 
disk with its inner convexity placed in close proximity to the basement 
membrane. Coexistent with the chromophobe cell, a cell is seen which is 
similar in appearance but shows more affinity for water blue. Its upper 
convexity appears more rounded, and it shows a rudimentary cytoplasmic 
protrusion directed toward the lumen of the intestine. This cell is 
designated as type 6. On tracing the next step in the metamorphosis 
of this cell, one finds that the cytoplasmic protrusion directed toward 
the lumen is longer and more pointed. This cell is designated as type 7. 
It gradually changes its entire orientation and fixes its anteroposterior 
axis perpendicularly to the basement membrane. It regains its full 
property of staining with water blue and finally shapes itself into an 
elongated cell which is indistinguishable from the indifferent epithelial 
cell and is generally regarded as the stem cell in the formation of new 
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mucous cells. This cell is designated as type S. The evidence afforded by 
furtlier studies indicates that the indift'erent cell formed as the result of 
the just described cytomorphosis is able to undergo differentiation and 
transform itself eventually into a fully developed mucous cell. Inte- 
gration of the observations just reported (figs. 47/ and 12 III), which 
have been verified in a large variety of materials, permits the conclusion 
that they represent a chain of cellular changes which are fundamentally 
different from the cellular changes associated with the repeated succes- 
sive phases of the secretory activity of the normal mucous cell. 

The consensus is that the number of mitoses found in normal 
organoid tissue serves as an index of cellular efficiency in replacing 
worn out elements. It is believed that mitoses are not found in goblet 
mucous cells at all or are of very rare occurrence. Mitoses are observed 
in the indifferent cells of the sigmoid, but their number is certainh' in 
disproportion to the wear and tear to which the mucosa of this paid is 
subjected continuously. In an examination of thousands of serial sec- 
tions not a single mitosis is found in true goblet cells. The number and 
distribution of the mitoses found in the indifferent epithelial cells differ 
in an unusual way. In following up a long series of sections one notes 
that many consecutive sections may be free from mitoses and that then 
mitoses appear in great numbers but are seen only in particular areas of 
the microscopic field. The unusual feature of these particular areas is 
that while they are rich in mitoses they show no argentaffin cells. 
Furthermore, when mitoses are looked for in areas rich in argentaffin 
cells, they are not found. It appears, therefore, that the number of 
luifoscs found in the indifferent cells is in inverse relation to the number 
of argentaffin cells found in the same area. Figure 3 D serves to demon- 
strate the described relation between the number of mitoses in the 
indifferent cells and the number of typical argentaffin cells found in 
the same field. In this microscopic field there are more than 10 mitoses 
with not a single argentaffin cell present. Such a peculiar relationship 
indicates that when cytomorphosis of cell type 1-c proceeds normally 
there is no call for mitoses and that when cell type 1-c fails to continue 
its cytomorphosis mitoses are called on to compensate for the failure 
(%■ 4). 

Silver reduction effects obtained with formerly used methods place 
m the foreground only typical argentaffin cells. The older methods 
(Fontana-Masson, Hasegawa and others) are worthless in demonstrat- 
iiig the genetic relations of argentaffin cells to other elements of the 
mucosa, and quantitative studies made with their aid fail to offer any 
reasonable explanation of the quantitative discrepancies observed. As 
^ result of this the conclusion is drawn that the so-called argentaffin 
cell is a special cell, sui generis, mysterious in origin and fundamental!)’’ 
different in function. ^Yhen the genetic relationship between mucous 
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and argentaffin cells is taken into account and when closely related cells, 
for instance, types 1-c, 2 and 3, are counted, the total count may be as 
high as 40 per cent of all cells. Such extensive cytomorphosis proceeding 
in the absence of mitotic activity in the same area is suggestive and 
certainly must he of definite biologic significance. It is worthy of note 
that when in a particular area cells of types 1-c, 2 and 3 are present, cells 
of types 4, 5 and 6 are very rare. The synchronous appearance of cells 
closely related only geneticall}' signifies that cytomorphosis may affect 
certain areas only and at the same time. 

As they stand, the observations reported leave no doubt that 
argentaffin cells are related genetically to mucous cells. Mucous cells 
are known to be sensitive to a number of chemical stimuli applied 
directly to the mucosa. It is conceiA’’able, then, that other aspects of 
relationship between these two t3'pes of cells may be revealed by local 
application to the mucosa of chemical stimulants which are known to 
be specific in their action on mucous cells. In studies on the effect of 
stimuli locally applied to mucous cells Pavlov “ and Pewsner " employed 
silver nitrate solution, Babkin ® iodine dissolved in potassium iodide 
and Florey ” mustard oil diluted with olive oil. The results of their 
studies show that application of these noxious substances is followed by 
a rapid flow of mucus, with evacuation of tlie mucous content by the 
cells. In the experiments about to be reported the effect of the follow- 
ing substances applied locally was studied: (1) mustard oil (3 per cent 
in olive oil), (2) 5 per cent silver nitrate, (3) aqueous solution of iodine, 
(4) 5 per cent lactic acid and (5) 20 per cent magnesium sulfate. All 
five of these substances produce an excessive flow of muais and yet, in 
spite of the severity of the injury sustained, not all mucous cells lose 
their content. The cells which fail to empty themselves are similar in 
every respect to the cell type 1-c described. Their content is stained 
safranin-Van Dyke brown-orange, and their cytoplasm shows the pres- 
ence of granular silver-reducing substance. It appears that, compared 
with cell type 1, these cells remain i*efractor}’ and are not influenced 
even by the powerful stimulative action of the chemicals applied. These 
cells are apparently lacking in normal response to secretory stimuli. As 
to cells of types 2 and 3, or typical argentaffin cells, it is found that they 
cannot be forced to discharge or to expel their silver-reducing content. 
They retain their usual intensity of silver reduction and appear undis- 
turbed by the drastic action of the chemicals employed. 

6. Pavlov, I. P. : Le travail des glandes digestives, translated b}^ V. Pachon 
and J. Sabrazes, Paris, Masson & Cie, 1901. 

7. Pewsner, M. : Berl. klin. Wchnschr. 44:41, 1907. 

8. Babkin, B. P., cited by Florey.” 

9. Florey, H. : Brit. J. Exper. Path. 11:348, 1930. 




Fig, 4. — I, normal repeated successive secretory cycle of the goblet cell. II, 
rejuvenation cj^cle of a functionally exhausted goblet cell, followed by differentia- 
tion of the rejuvenated cell. 111, rejuvenation cj'cle, followed by regeneration 
with consequent differentiation. IV, regeneration without consequent differentiation 
hyperplasia-neoplasia. 
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Cordier reported that pilocarpine applied intravenously produces 
discliarge of argentaffin granules and that elimination takes place at the 
apical pole, indicating the exocrine polarity of these cells. Though this 
observation is reported by an investigator whose contributions to the 
subject of argentaffin cells are most valuable, it requires further investi- 
gation. The question of the mechanism and of the specificity of the 
action of pilocarpine on the mucosa of the intestines is still unsettled. 
From the excellent experimental work of Florey ° on the secretion of 
mucus by the colon it is clear that any influence that pilocarpine has on 
colonic secretion of mucus is totally dift'erent from that on glandular 
secretion, e. g., that of the salivary glands. To produce secretion of 
mucus in the colon, relatively enormous and repeated doses of pilocarpine 
must be injected intravenously and allowed to act over prolonged periods. 
Florey stated that pilocarpine applied locally to the rectum causes, after a 
few minutes, marked secretion of saliva, tears and bronchial mucus but 
an inappreciable secretion of intestinal mucus. It thus appears that 
claims of a specific action of pilocai'pine on the intestinal mucosa lack a 
physiologic foundation. In the studies presented here pilocarpine was 
applied locally and intravenously, and in both instances argentaffin cells 
remaind unaltered. No discharge of silver-reducing substance was shown 
in apical or in basal parts of the cell, and this substance was never 
found discharged into the lumen of the sigmoid. 

The state of argentaffin cells in dift’erent phases of digestion was 
studied, and the results fail to show any relation of these cells to diges- 
tion. Nothing strikingly dift'erent was found in experiments with com- 
plete starvation for seventy-two hours. It may be noted, however, that 
in the sigmoid of an animal starved for this period the number of 
argentaffin cells appears to be larger. The type of cell that appears 
prominent nmnerically is type 1-c, On comparing the effect of a diet 
of dry oats of short duration with that of a diet of carrots and lettuce 
it is observed that the former leads to an increase in the number of cells 
of type 1-c while the latter is accompanied by a decrease in the intensity 
of the silver reduction effect shown by cells of types 2, 3 and 4. 

In not a single instance were epithelial argentaffin cells found moving 
or migrating through the basement membrane in a normal colon or in 
the colon of an experimental animal. When sections were cut parallel 
to the basement membrane and close to the basal parts of the gland, the 
argentaffin cells sometimes created the impression of being located 
behind the basement membrane, and that this was an artefact is apparent 
■when the argyrophil reticulum is shoAvn properly ( fig. 3 A). 

As part of the general plan the effect of delay in fixation was investi- 
gated. 


10. Cordier, R. : Arch, de biol., Paris 36:427, 1926. 
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A rabbit was kept fasting for twentj-four hours and then disposed of by air 
embolism. The abdomen was opened immediately, and a small segment of sigmoid 
was ligated on both sides, the ligation including the mesenteric blood supply. 
The segment was removed gently and without escape of blood from the removed 
segment or from the adjacent sigmoid left in. The abdomen was then closed 
and the animal left at room temperature. Four hours later the adjacent segment 
of the sigmoid was removed. In both instances the segments removed were 
fixed immediately in Helly’s fluid and later on treated in exactly the same way. 
The difference in the microscopic pictures of the two segments removed revealed 
that the second segment failed to show in the tinctorial and impregnation results 
the degree of selectiveness manifested in the first specimen. Safranin staining 
effects remained unchanged in both segments, but the four hour delay in fixation 
had increased the number of cells which showed nonspecific silver reduction. It 
was not so much the C3'toplasm as the nuclei of the cells which began to show 
this nonspecific reduction. 

The findings indicate that metallic reduction tests are fully reliable 
only when they are applied to perfectly fresh tissues. 

Summary . — Among the observations on the sigmoids of the 62 
rabbits the following stand out as particularly important : 

1. The mucous cells of the sigmoid are not identical in morphologic 
character and functional capacity. The nucleus and cytoplasm of a 
mucous cell of type 1-c shows the property of metallic reduction, and its 
mucous content is different tinctorially. Functionally, cells of this type 
are refractory and fail to respond to secretory stimuli. 

2. Cells of type 1-c are not ordinary degenerating elements, and their 
elimination by necrobiosis or phagocytosis is not seen. 

3. Argentaffin cells of types 2 and 3 are related geneticall}' to cells 
of type 1-c. 

4. Under normal circumstances the siUer-reducing substance of 
argentaffin cells is never found excreted into the lumen of the intestine, 
and it is not demonstrated extracellularly at the base of the cell. This 
substance cannot be forced to leave the cell even under the influence of 
drastic irritants applied to the mucosa, and both local and intravenous 
applications of pilocarpine fail to affect these cells. 

5. Argentaffin substance, probably a specific diphenol (Vialli and 
Erspamer^^), is formed in the cell in the course of its cytomorphosis 
and is transformed into nonreducing substance by some intracellular 
chemical process (probably oxidation). As a result of this, the cell is 
transformed into a chromophobe element which in its shape and posi- 
tion is identical with the argentaffin cell. 

6. In the course of further stages of cytomorphosis the cell returns 
to the state of an indifferent epithelial cell and is then indistinguishable 
from the rest of the undifferentiated elements of the epithelial lining. 

11. Vialli, M., and Erspamer, V.: Ztschr. f. Zellforsch. u. mikr. Anat. 27:81, 
1937. 
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7. Under normai circumstances the number of argentaffin cells found 
varies ; they may he numerous in some sections, and in other portions of 
the same block they may be absent entirely. 

8. Their number is not influenced b)^ local application of the chemicals 
tested and is not affected in a striking way by phases of digestion, 
starvation for sevent 5 '--two hours or types of diet employed in these 
studies. 

9. The finding in one area of cells belonging to the same phase of 
cytomorphosis indicates that their cytomorphosis takes place at the 
same time and affects only particular areas. 

10. The number of mitoses found in indift'erent cells is in inverse 
relation to the number of argentaffin cells found in the same area. That 
the two processes are not observed at the same time is rather significant. 
It is apparent that when cytomorphosis fails regeneration by mitoses is 
called on to compensate this failure by production of new cells destined 
to reach the same goal of functional efficiency. 

Chemically speaking, it is not proper to call cells which show reduc- 
tion of silver and of other metallic salts argentaffin, argentochrome or 
metallaffin cells. Argentaffinit}^ simply indicates that there are cells 
of entodermal, mesodermal and ectodermal origin which with specially 
adjusted methods give positive reduction of certain silver salts. Since 
with use of the same methods this reaction is obtained from a variety 
of genetically unrelated cells it offers little in itself to make under- 
standable its significance in individual cases. It is only when it is 
studied in relation to the entire course of the cell’s development or 
activity that its significance becomes understandable. In the studies 
presented attention was concentrated on the genetic relation of the 
argentaffin cell to other epithelial cells of the lining, and the results 
obtained show that in the sigmoid this cell sirapl)’- represents a phase 
in the life cycle of the mucous cell. 

With each point of observation substantiated by objective evidence, 
It is permissible to conclude that the normal secretory cycle of mucous 
cells is repeatedly manifested b)’’ successive phases in the activity of the 
same cell. When this cell finally reaches the stage of functional exhaus- 
tion, it does not perish. It becomes refractor}’-, loses its response to 
secretory stimuli and undergoes a rearrangement or cytomorphosis which 
proceeds through various stages of dedift'erentiation, with eventual return 
of the cell to normal secretory activity. The cytomorphosis signifies in 
reality functional rejuvenation of the once exhaustive mucous cell and 
reflects or discloses another mysterious faculty of living matter which 
may be called the phenomenon of functional rejuvenation. 

In the light of this new concept the problem of the histogenesis and 
functional role of the so-called intestinal argentaffin cell finds a different 
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and more logical interpretation. It is apparent that the phenomenon of 
functional rejuvenation is of paramount importance in restoring the 
exhausted mucous cell to its normal function. Ability to rejuvenate 
makes unnecessary continuous replacement of worn-out elements by 
means of regeneration, and this makes understandable the discrepancies, 
so far unexplainable, between the scarcity of signs of cellular regenera- 
tion and the wear and tear to which the mucosa of the sigmoid is sub- 
jected continuously. This phenomenon is governed and controlled by 
its own mechanism and cannot be influenced by the experimental factors 
tried in these studies. As the appearance and disappearance of the 
substance possessing the property of i-educing certain metallic salts is a 
manifestation of intracellular chemical processes which bear no relation 
to elaboration of a secretory product it is easil}' understood why this 
metallic salts-reducing substance is never found outside the cells and 
cannot be forced to leave the cells. This concept offers a reasonable 
explanation of the aforementioned observations on topographic distri- 
bution and quantitative interrelations between various types of cells found 
in the same field. When in a particular area cells fail to rejuvenate or the 
rejuvenated cells (type 8) fail to diff’erentiate, regeneration takes place; 
this usually takes the normal course, but occasionally it takes a neoplastic 
course. The whole sequence of events and the results of deviations in 
the process of rejuvenation are shown in figure 4. 

RESULTS FROM STUDY OF THE HUMAN LARGE INTESTINE 

The material comprised fresh surgical tissues showing various inflam- 
matory processes, benign polyps and carcinoma of diff'erent types. The 
results of these studies indicate that the human sigmoid shows the same 
two types of the cell’s life cycle: one manifested by successive phases of 
secretory activity and the other by cytomorphosis of the nature of 
rejuvenation. In pathologic conditions these two cycles appear to be 
more complicated. The reaction on the part of the mesenchymal ele- 
ments is the chief source of confusion. Degenerative processes come to 
the foreground, and a great number of cells of type 1-c fail to rejuvenate. 
Failing to regenerate, they degenerate. Their content escapes and is taken 
by phagocytes. 

The benign tumors are represented in these studies by pedunculated 
polyps with the structure of well differentiated adenoma. This differ- 
entiation is manifested not only by the appearance of a glandular pattern 
but also by the demonstration of (a) the normal secretory cycle and (h) 
the rejuvenation cycle of the functionally exhausted mucous cell. There 
is no doubt that accumulation of mucous secretion in the closed inter- 
glandular spaces of polyps raises the pressure, causes trophic disturbances 
and is responsible for interference with the normal course of both cycles. 
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From comparative studies it is apparent that the capacity for growth 
in benign polyps is restricted not onl}'' the extent of histologic per- 
fection in glandular dift'erentiation but even more by the ability of newly 
formed and full)- developed mucous cells to rejuvenate normal^. This 
conclusion appears to be warranted by the observation that new epithelial 
proliferation, as evidenced by regeneration through mitosis, is strikingly 
insignificant. 

The different types of carcinoma are considered according to the 
classification of Ewing.^" Adenoma destruens shows a variety of struc- 
tures, ranging from completely preserved normal features of the glands 
to carcinoma growing in disorderly fashion, without any glandular dif- 
ferentiation. In eacli case of carcinoma control studies are made from 
segments of the intestine above and below the carcinomatous obstruction. 
Sections from adenomas show that in some parts of the growth both 
cycles proceed equalh’ well. Fully developed mucous cells (t 3 'pe 1) 
contain normal-appearing, safranin-stainable mucus, and the cycle of 
rejuvenation is evidenced b}' the presence of argentaffin cells. A number 
of cells of type 1-c appear to be degenerating and, as free cells, are 
seen in the interglandular spaces. This is associated with local accumula- 
tion of phagocytes. In sections represented by disorderly growing cells, 
witli no evidence of any glandular arrangement, nothing is found to 
indicate a manifestation of the two cycles shown by the mucous cell. 
Degeneration and mitotic activity here dominate the entire picture. 

The particular feature of t 3 'pical carcinoma is that no cells are shown 
containing safranin-stainable mucus or any signs of rejuvenation. Gela- 
tinous carcinoma differs in many ways from the tumors discussed. In 
some areas it shows an alveolar structure consisting of poorly differ- 
entiated cells free from safranin-staining content. It is apparent that 
these cells possess the property of further differentiation, and, as a result 
of this, mucous cells containing safranin-stainable mucus are formed. 
These act as true secretor}^ cells, profusely discharging their content 
into the free pericellular spaces. With no normal secretory stimuli on 
hand and lacking an outlet for the secretor}’- product, each becomes 
gradually distended and ballooned and the nucleus is compressed into a 
signet ring form. Even under these abnormal circumstances the cells 
sre capable of completing and repeating their cycle of secretion many 
times before they reach the stage of exhaustion. Instead of perishing, 
some of these exhausted cells undergo complete rejuvenation cjdo- 
inorphosis, with transformation of the exhausted cells into typical 
argentaffin cells, as shown in figure 2 C. The significant feature of 
this photomicrograph is that it represents a section of infiltrating growth 
in the serous coat. "With both cj'cles available there is no need for 


12. Ewing, J. : 


.... Neoplastic Diseases: 
• B. Saunders Company, 1934. 


A Textbook on Tumors, Philadelphia, 
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continuous regeneration, and it becomes understandable why mitotic 
activity is least prominent in gelatinous carcinoma. This explains also 
the tremendous capacity of the cells of gelatinous carcinoma to produce 
mucus, an excess of which is a specific feature of this type of carcinoma. 
These studies indicate that the index of malignancy cannot be evaluated 
on the basis of perfection in the degree of glandular differentiation. 
This index is reflected or better shown b}’^ the demonstration of an ability 
or an inability of the cells of a neoplasm to function (in the sense of suc- 
cessive cycles of secretion) and to rejuvenate (in the sense of rejuvena- 
tion of functionally exhausted cells). Demonstration of these two 
phenomena is impossible with the hematoxylin-eosin staining which is 
in use in present day methods of grading the malignancy of epithelial 
neoplasms. 

As alread}' mentioned, in each case of tumor growth a segment 
from above and one from below the obstruction were taken for examina- 
tion. The comparison of these sections is very instructive. In many 
instances the segment from above the obstruction shows changes which 
are not observed in the segment below it. Above the obstruction cells 
of type 1-c are ver}' numerous, while the argentaffin cells (types 3 and 4) 
are rare. This indicates that the functionally e.xhausted cells are unable 
to complete the normal cycle of rejuvenation under circumstances of 
continuous irritation and stasis. As a result of this the endogenous 
product of their gradual disintegration is taken up by macrophages, 
which are seen at first in the periglandular zone and later on in the deep 
part of the submucosa, and the content of such macrophages is browned 
or blackened by the silver nitrate methods employed. This explains 
why melanosis may be limited to a tiny area or to a patch, the neighbor- 
ing mucosa being devoid of pigment. It is difficult to imagine that 
absorption from the intestine of some exogenous product could create 
such peculiarities in topographic distribution of melanosis. Below the 
obstruction rejuvenation proceeds uninterruptedly, and melanosis is not 
observed. In later life rejuvenation proceeds with greater difficulty, 
and it is not a coincidence that melanosis is observed most commonly 
in old age. Since the pigment found above the obstruction fails to give 
the Prussian blue reaction it cannot be of hematogenous origin. These 
studies are in agreement with those by Stewart and Hickman,^® but they 
offer a different explanation as to the cause of melanosis coli. 

RESULTS FROM STUDY OF THE APPENDIX OF THE RABBIT 

The appendix of a full grown young rabbit which had been kept 
fasting for twenty-four* hours rvas considered as the normal control. 
An additional method employed which appeared to be of value is as 


13. Stewart, M. J., and Hickman, E. M. : J. Path. & Pact. 34:61, 1931. 
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follows : Sections are prepared in the usual Avay, treated with hydrazine 
hydrate-water blue reducer for ten minutes, rinsed quickly with dis- 
tilled water, treated with a solution of gold chloride ( 1 : 500) containing 
0.5 per cent acetic acid for ten minutes, rinsed in water, dehydrated with 
alcohols and mounted in balsam. The studies included the influence of 
(1) fasting for seYent 3 '-two hours, (2) phases of digestion, (3) various 
diets and (4) local application of the substances employed in the sigmoid. 

The results of studies of the sections show that (1) the type of 
epithelial lining is not the same in different areas; (2) the interrelation 
between the glandular layer and the underlying lymphoid tissue follows 
a definite pattern, and (3) the structure of the lymphoid tissue is dif- 
ferent from that of the ordinar}' peripheral lymph node. The lymphoid 
tissue is represented by a continuous thick pad which separates the 
glandular layer from the muscular coat entirely. The surface of the 
h-mphoid pad shows numerous conical papillary projections directed 
toward the lumen. In a quiescent and moderately relaxed organ these 
projections are 0.6 to 1.2 mm. high and 0.2 to 0.6 mm, wide at the base. 
Each conical formation projects into a domelike space, the roof of the 
dome being formed by the glandular layer of the mucosa (fig, 5 A). 
This topographic arrangement resembles somewhat the interrelation 
between the pyramid and the minor cah^c of the kidney. The top of the 
roof is perforated with a glandular passage which contains a number 
of lateral glandular pouches. The glandular layer of the roof facing 
the free space of the dome shows numerous goblet cells and argentaffin 
cells but relatively few lymphocytes. The epithelial lining covering 
the conical lymphoid projections shows very rare mucous cells, equally 
rare argentaffin cells and very numerous lymphoid elements (figs, 
ori and B and 11 C). Whenever found, mucous cells show two cycles 
which are similar in every way to those obser\md in the mucous cells of 
the sigmoid. Similar results are also observed in animals under experi- 
mental conditions. Epithelial argentaffin cells are not found migrating 
through the basement membrane, and they cannot be forced to part 
'vith their argentaffin content under the influence of pilocarpine or drastic 
stimulants applied locally. 

A difficult problem connected with studies of the appendix is offered 
hy the structural peculiarities of the lymphoid tissue. This tissue shows 
both cortical and medullary substance, but the latter cannot be compared 
to the medullar}' substance of the peripheral lymph nodes. Mitoses are 
disseminated all over the lymphoid tissue, although they appear more 
numerous in the cortex. Both the cortex and the medullar}' substance 
nre furnished with argyrophil reticulum, tliis being more prominent in 
the cortex. The medullary substance has its own vascular capillary 
plexus, which is not as rich as that in the cortex. The methods employed 




Fig. 5. — A, Ij'mphoid projection in appendix showing difference in type of epi- 
thelial lining (X 100). first stage in transformation of goblet cells of appendix 
into argentaffin cells, showing difference in epithelial lining of Lieberkuhn’s gland 
and lymphoid projection. C, second stage in transformation. D, intraepidermal 
cells of Langerhans (X 430). 
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are helpful in differentiating various mesenchymal elements present in 
sections. Histiocytes are especially well shown. In certain phases of their 
activity these cells resemble closely the microglia cells which were 
demonstrated with the silver carbonate method by del Rio Hortega and 
Jimenez de Asua’^'^ in tumors, tubercles, hepatic lesions, the normal 
human kidney and in lymph follicles. The advantage of the methods 
used in the present work over the silver carbonate method is that they 
(especially method 3) reveal a definite range in tinctorial and impregna- 
tion differences which makes possible differentiation of various phases 
of the life and activity of the histiocyte (figs. 5 C and D and 11 C). 

On treating sections with method 1 there are seen in the cortex and 
sometimes in the medullary substance peculiar looking cells, scattered 
singly or in groups. When seen in groups, some of them take water 
blue and some show silver reduction of a type differing from that shown 
by the argentaffin cells of Lieberkiihn’s glands. These cells are more 
numerous in the cortex (fig. 6B), although quite often they are found 
in the medullary substance (fig. 6 A). When found in groups, they 
appear as giant cells with a voluminous crown of silver-reducing cells 
and small round cells taking water blue and containing a small confluent 
chromatin mass (fig. 6 C, right side). The peripheral cells appear to 
have an intimate connection with the pale cells scattered in the vicinity, 
which differ morphologically from the rest of the cellular elements. 
These formations are quite large, and sometimes one such formation is 
seen uninterruptedly in thirty consecutive sections 7 microns in thick- 
ness. At one level of sectioning cells are light blue, while at other 
levels they are light or dark brown. The content of the central cavity 
of the giant cell formation is either colorless or yellowish brown, or it 
consists of brown droplets or dark brown granules. In certain instances 
these formations show their own argjwophil reticulum. In tracing their 
structure in serial sections it is found that some of them have at one 
or another level of sectioning the unmistakalde form of a tubule sur- 
rounded with fine reticulum (fig. 6C, left side). In further sections 
of the same series the tubule gradually clianges its shape; it becomes 
disfigured, and finally the whole structure acquires the appearance of 
multicellular formations arranged without any particular order. There 
can be no doubt that these formations are epithelial in nature and that 
they are endowed with some property of glandular differentiation. 
Topographic demonstration of these formations is best achieved with the 
gold chloride method described in the beginning of this section. ^Yith 
this method they stand up as black or dark brown cells on a light blue 

14. del Rio Hortega, P., and Jimenez dc .'\sua. E. : Arcli. cardiol. y hemat. 
2:161, 1921. Jimenez de .A.sua, F. ; Ztschr. f. d. ges. Neurol, u. Psvdiiat. 109: 
354, 1927. 




Fig. 6 . — A and B, epithelial plaques in the cortical and medullary substance of 
the lymphoid tissue of the appendix (X 100). C, epithelial giant cell formations 
with tubular differentiation in the medullary substance of the lymphoid tissue of 
the appendix (X 430). 










POPOFF— REJUVENATION OF GASTRIC CELLS 


869 


background (fig. 6 A and B). It is interesting that with this method 
the only content of some of these cells and the content of certain goblet 
cells of Lieberkiihn’s glands give gold reduction, while the mesehchy- 
mal.celis show no signs of gold reduction. In some instances gold-reducing 
cells are not found; instead, there are seen finely granular cells of a 
signet ring appearance. In' conclusion it may be said tliat in the rabbit 
the lymphoid tissue of the appendix is a lymph oepithelial tissue and 
resembles in ever)’’ way the structure of the lymphoepithelial tissue of 
the bursa of Fabricius, which has been investigated and described with 
unsurpassed thoroughness by Jolly.’^® With method 3, the epithelial 
anlage is shown much more clearly than with the hematoxylin-eosin- 
azure stain used by me in studies of the histogenesis of the th)TOUS. 
With their location excluding external secretion, these cells with limited 
power of glandular differentiation pursue their own mysterious course 
of life. No cycle of rejuvenation similar to that obser^’ed in the goblet 
cells is disclosed. Only on rare occasions are cells found in the cortex 
which resemble the argentaffin cells of Lieberkiilin’s glands. In areas 
where the cellular and extracellular metallic salts-reducing content is 
abundant the phagocytes appear also in increased numbers, and the 
pigmentosis or melanosis of the lymphoid tissue in such instances is 
undoubtedly due to excessive accumulation and phagoc}i:osis of a sub- 
stance produced by the epithelial cells present in the lymphoid tissue. 
This is corroborated also b)" the negative results of the berlin blue 
reaction. 

Summary . — From the obseir-ations in the appendixes of the 40 rab- 
bits examined it is apparent that epitlielial cells of the mucosa, which 
possess the property of reducing certain metallic salts, in their origin, 
sequence of intracellular changes and functional significance are identical 
with similar cells of the sigmoid. Differences in the morphologic appear- 
ance of argentaffin cells found in the appendix are closely related to 
dift'erences in the appearance of mucous cells found in corresponding 
parts of the mucosa. For instance, in the epithelial coat of outer parts 
of the glands the mucous cells are low and small and here, too, only 
small argentaffin cells are found. The most convincing evidence of 
genetic interrelations between mucous and argentaffin cells is shown by 
the epithelial lining covering the conical lymphoid projections directed 
toward the lumen of the appendix. In this epithelial lining the goblet 
cells are very rare and here, again, the argentaffin cells are equally rare. 
As in the sigmoid, the pigmentosis or melanosis of the appendix is pre- 
cipitated by interference with, or interruption of, the normal cycle of 

15. Jolly, J. : Arch, d’anat. micr. 16:362, 1914. 

16. Popoff, N. W.: Proc. Soc. Exper. Biol. & Med. 24:148 1926* Arch ^ 
exper. Zellforsch. 4:395. 1927. 
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rejuvenation of functionally exhausted mucous cells, and since the 
mucosa of the appendix is represented solely by one functional type of 
cell (mucous cell) it is understandable why the process of melanosis 
observed is most commonly found in the appendix. The finding of 
lymphoepithelial tissue in the appendix opens a new approach to studies 
of the physiologic and pathologic aspects of this' organ. Figures 5 B 
and C and 11 C demonstrate nuclear and cytoplasmic changes associated 
with rejuvenation. Figures 5B and 11 C correspond to an early stage 
and figure 5 C to a later stage of transformation of the functionally 
exhausted goblet cells into argentaffin cells. 

RESULTS FROM STUDY OF THE HUMAN APPENDIX 

The material examined included inflammatoiy conditions of acute, 
subacute and chronic types and a number of neoplastic processes (benign 
polyps and carcinoids). As stated previously, delay in fixation, even 
for four hours, interferes with the selectiveness of reduction methods, 
and for this reason only fresh surgical material, fixed immediately, 
was used in this work. Almost all appendixes removed surgically are 
pathologic in one way or another, and this excludes the possibility of 
making control studies on perfectly fresh normal organs removed from 
persons of different ages. In studies of lymphoid, and especially of 
lymphoepithelial, tissues the age of the animal, the state of nutrition and 
other factors concomitant with infection and toxemia are of great 
importance. Generally speaking, it is unreasonable to depend on clinical 
material in studies which pertain to fundamental problems of histo- 
physiologic nature. With no way of knowing the nature of the inciting 
factor and the length of time it had been at work, it is difficult to 
tabulate qualitative and quantitative changes in an orderly manner. As 
far as general conclusions are concerned, it may be said that observed 
under pathologic conditions the essentials in the cycle of rejuvenation 
remain the same as when observed in normal mucosa. There is a great 
deal of individual variation, but the fundamental significance of the 
phenomenon of rejuvenation is unchanged. In cases in which appendical 
or fecal stasis is a predominant feature there is increase in the number 
of cells of type 1-c. With the safranin-silver-water blue method the 
mucous content of these cells stains differently, and their cytoplasm is 
filled with silver-reducing granules. It is apparent that because of stag- 
nation and abnormalities in stimulation the mucous cells are unable to 
continue the normal cycle of secretion for their usual length of time. 
Functioning under such abnormal circumstances, they are unable to 
evacuate their content in normal fashion, and at the same time the 
exhausted cells, with unevacuated content, are not given proper condi- 
tions for completing the normal cycle of rejuvenation. This explains 
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the scarcity of argentaffin cells found and makes understandable why 
under such circumstances only cells of type 1-c and active phagocytes 
containing silver-reducing substance are prominent in the picture of 
appendical stasis. 

As to the structure of lymphoid tissue, it may be said that pathologic 
material is unreliable for studies of this subject. In the majority of 
cases examined, such tissue is either absent (owing to complete atrophy), 
or it is distorted and altered to such an extent that little is left for 
dependable deduction. A few appendixes removed from children in cases 
of mistaken diagnosis of appendicitis were examined, and some of 
these showed well preserved lymphoid tissue. Studies of this material 
leave no doubt that human lymphoid tissue contains entodermal elements 
similar to those found in the appendix of the rabbit. The entodermal 
elements are observed most commonly in the cortex, while in the medul- 
lary substance they are discernible with great difficulty. The glandular 
differentiation observed in the lymphoepithelial tissue of the rabbit is 
not found in the human appendix. Attempts to demonstrate entodermal 
constituents of lymphoepithelial tissue with ordinary hematoxylin-eosin 
staining are futile, and in this work these elements are considered as 
entodermal only when corroborative evidence is offered by application 
of all four of the methods employed in studies of the lymphoepithelial 
tissue of the appendix of the rabbit. 

A few words need to be said concerning the observations on neo- 
plastic processes of the human appendix. A case of benign pedunculated 
polyp seated in the distal part of the organ (2 cm. from the tip) deserves 
particular attention. On comparing sections from the proximal and distal 
ends of the appendix with those from the polyp, one finds the reju- 
venation cytomorphosis in all of the three sections examined. With an 
unobstructed outlet for mucous secretion in the proximal part of the 
appendix the lumens of the glands of Lieberkiihn are free from stainable 
matter while the majority of the glandular cavities in the polyp are lit- 
erally choked with mucus and brownish granular silver-reducing sub- 
stance. Such areas appear to Ije invaded with a great number of active 
phagocytes. The epithelial lining is represented chiefly by cells of type 
1-c, argentaffin cells being scarce. There are present, hoAvever, areas 
in the polyp which are indistinguishable from the mucosa of the appen- 
dix. As in the inucosa of the appendix, they show the usual goblet cells, 
argentaffin cells and cells of Paneth, and their glandular spaces are free 
from stagnant mucus and silver-reducing substance (fig. 11 A). In other 
words, the whole picture indicates that in such areas the process of 
rejuvenation pursues its course the same as in normal mucosa. Mitoses 
in polypous gi’owths are very rare. It appears, then, that the life of 
such highly differentiated pedunculated growths is perpetuated solely 
by norma! repetition of the secretory cycle followed by the uninterrupted 
cycle of rejuvenation. 
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There is a great deal of disagreement as to the origin of carcinoid 
tumors of the appendix. These tumors are specific in their topography 
and structure, and their cellular constituents show quite often the prop- 
erty of silver and chrome reduction, Masson^" expressed the belief 
that migration of epithelial argentaffin cells occurs and that carcinoid 
tumors are formed as the result of budding at the tip of Lieberkuhn’s 
gland, A number of investigators failed, however, to demonstrate the 
phenomenon of budding described by Masson, The majority of car- 
cinoids are removed at a time when little is left of the normal structure 
of the appendix : The lymphoid tissue is gone, the entire submucosa is 
replaced with tumor cells, and under such circumstances it is rather 
difficult to reconstruct a true picture of the changes which took place 
at the very beginning of the growth. In many publications it is stated 
that tumor cells are found immediately beneath the lining cells, and 
this is taken as evidence that the tumor has its source in the crypt of 
Lieberkuhn, If a tumor growth originates in the Lieberkiihn gland, 
it is strange that no one ever published a case of carcinoid having its 
seat in this gland and forming an everted growth, A great number of 
benign and malignant tumors definitel)' begin in glands of Lieberkuhn, 
The}^ grow as everted tumors, and though they may show the presence 
of argentaffin cells they are fundamentally different in behavior and 
structure from carcinoids. As a rule carcinoids grow as inverted tumors 
or, speaking more exactly, they grow beneath the glandular lining. The 
close proximity, however, of the protruding growth to the glandular 
lining cannot be considered as convincing evidence that the tumor origi- 
nates from the lining of Lieberkiihn’s gland, Forbus reported 6 
cases of carcinoid, case 6 of his series being most interesting. The tumor 
was found in a patient having generalized miliary tuberculosis. It was 
located in the submucosa of the ileum, the mucosa being well preserved. 
Though no direct connection was found between it and the glands of 
the mucosa, the tumor cells extended close to the zone of the deepest 
crypts. No mention is made of the appearance of the lymphoid tissue 
in the region of the tumor or in Peyer’s patches, the structure of which 
— as will be shown later — is not that of ordinary lymphoid tissue. In a 
majority of the repoi'ts of cases in the literature nothing is said about the 
lymphoid structure in the region of the tumors. Until the question of the 
initial relation of these tumors to the lymphoepithelial structures is given 
due consideration, nothing definite can be said as to the exact origin of 
carcinoids. In almost all the cases studied in the present work there 
was a failure to show any remnants of original lymphoid tissue, and 
attempts to find the source or seat of the primar}’- growth seemed fruit- 
less and futile. In only 1 of 6 cases examined were remnants found 
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which could be considered as original lymphoid tissue, and tlie intimate 
relation between the epithelial and the lymphoid tissue was found 
to be identical with that observed in the lymphoepithelial tissue of the 
appendix of the rabbit. It is worthy of note, too, tliat when a solid cord 
of carcinoid growth shows incipient phases of glandular differentiation 
these primitive glandular structures resemble in every way similar struc- 
tures found in the lymphoepithelial tissue of the rabbit’s appendix. In 
a case of carcinoid examined the epithelial structures showed complete 
glandular differentiation. Here the tubules were surrounded with 
arg}wophil reticulum in the form of basement membrane, and the epi- 
thelial lining was furnished with terminal bars which were shown with 
unusual clarity by the silver methods employed in this work. No 
objective evidence was found to indicate that the argentaffinity shown 
quite often by carcinoid cells signifies degeneration, and it may be 
assumed that such argentaffinity is related to the phenomenon of reju- 
venation demonstrated in epithelial cells of Lieberkiihn’s glands. Absence 
of mitotic actvity and the low grade of malignancy of these slow-growing 
tumors serve as an indirect argument in support of such a supposition. 
If this supposition is correct, then, applying a functional term, the car- 
cinoid or argentaffin tumor should be called a rejuvenocytoma of the 
intestinal tract. 

RESULTS OF STUDY OF THE SMALL INTESTINE OF THE RABBIT 

The small intestine was the main object of my work on the terminal 
vascular system, and this offered an opportunity for studying argentaffin 
cells in a great variety of materials. In the series now being reported 
50 rabbits were used. The presence of the valves of Kerkring and of 
villi contribute enormously to an increase of surface mucosa which 
physiologically and histologicall)’' differs from the mucosa of the colon. 
The epithelial lining is represented by tlie following types of cells: 
simple columnar cells with striated cuticular border, goblet and argen- 
taffin cells, and Panetlr cells. Lymphoid tissue is represented by solitary 
follicles scattered all over the intestine but more numerous in the distal 
part of the small intestine. Aggregated follicles, or patches of Peyer, 
occur as a rule in the ileum, and only very seldom are they seen in the 
rest of the small intestine. 

With a genetic interrelationship between mucous and argentaffin 
cells in the colon and appendix firmly established, the entire problem 
of this research resolves itself into the question of whether a similar 
interrelationship exists in the small intestine. Here the number of 
mucous cells is much smaller than in the colon and appendix, and 
on comparing different parts of the small intestine one finds that they 
are more numerous in the distal part of the ileum and in the duodenal 
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papilla close to the ampulla Vateri. Placed between high columnar 
cells, the goblet mucous cells of the small intestine are smaller and 
taller than those in the colon and usuall)' are scattered singly throughout 
the epithelial lining. As do those in the colon, they show two cycles: 
one manifested by successive repetitions of the process of normal secre- 
tion and the other by cytomorphosis associated with rejuvenation of 
refractory and functionally exhausted mucous cells and eventual return 
of the rejuvenated cells to normal secretion (fig. 12 7/). Since the 
mucous cells are less numerous and are scattered singly, the argen- 
taffin cells are also found to be less numerous and scattered in the same 
way. In many instances cells of type 1-c retain the shape of goblet cells 
and stand out in distinct contrast to the surrounding columnar cells, 
which take only water blue. In the small intestine mucous cells are 
smaller and taller and argentaffin cells aj^pear correspondingly more 
delicate and much more elongated than in the colon. The cytoplasmic 
continuations directed toward the lumen of the intestine are seen with 
unusual clarity, this variety of cells being much more predominant here 
than in the colon. In parts of the small intestine which are rich in 
mucous cells the argentaffin cells are observed in correspondingly greater 
numbers. This close quantitative interrelationship is particularly well 
shown in the duodenal papilla close to the ampulla Vateri. Judging by 
the number of argentaffin cells found in this highly important physio- 
logic region, one decides that here rejuvenation compensates wear and 
tear with the utmost vigor. In not a single instance are argentaffin cells 
found migi-ating through the basement membrane. The argentaffin cells 
cannot be forced to ])art with their silver-reducing substance under the 
local effect of the following substances : epinephrine, physostigmine, 
histamine, pilocarpine, atropine, sodium nitrite, benzene benzoate, 75 
per cent alcohol, mustard oil, aqueous solution of iodine, silver nitrate, 
palladium chloride, lactic acid or 20 per cent magnesium sulfate. The 
intravenous application of pilocarpine also fails to influence the content 
of argentaffin cells. The experiments demonstrating these facts were 
performed with the technic emplo 3 "ed in the studies of the colon and 
appendix. The observations on the effects of starvation for sevent 3 '-two 
hours, of different types of diet and of various phases of digestion show 
no striking difference from the results obtained in the colon and 
appendix. In a great number of cases the small branch of the mesenteric 
artery supplying the segment under experimentation was visualized by 
an injection of india ink in a live animal, but no particular topographic 
relation of the argentaffin cells to the blood vessels was disclosed. The 
structure of Peyer’s patches is that of l 3 'mphoepithelial tissue. Eirto- 
dermal cells are found here, scattered singl 3 ’- or in multicellular forma- 
tions, which are easil 3 ’’ discernible with the four methods emplo 3 'ed in 
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studies of lymphoepithelial tissue of the appendix. ^^lulticellular epithelial 
plasmodial masses quite often show signs of glandular differentiation 
with fonnation of abortive tubules furnished with argATOphil reticulum. 
It is with great rarity that pigmentosis (melanosis) of the small intestine 
is found. Compared with those in the colon, mucous cells in the small 
intestine are much less numerous and here, too, h’mphoepithelial tissue 
is found only in the distal part of the ileum (patclies of Peyer) and 
is more insignificant in amount than in either the colon or the appendix. 
Scattered singly here and there, the mucous cells, even in cases of dis- 
turbance with rejuvenation, are unable to precipitate a local phagocytic 
reaction to the extent observed in the colon and appendix. Here, also, 
the motor activity of the villi and the absence of lateral pockets in 
Lieberkiihn's glands prevent stagnation of products which are formed 
as the result of interruption of the rejuvenation c\’cle and which act 
as the inciting factor in mobilizing local phagocytic defense. These 
anatomic peculiarities shown by the small intestine are sufficient to 
explain why the pigmentosis or melanosis so commonly found in the 
colon and appendix is hardly ever obser\-ed in the small intestine. 

CELLS OF PAKETH 

In a review of the literature no reference was found to positive 
impregnation of Paneth cells with silver methods. In an article on cells 
of Paneth. published in 1937, Hertzog said that Paneth granules are 
not stained by silver salts. ]\Iols -** in studies on Paneth cells employed, 
in addition to other methods, the methods of Castro, Golgi and Cajal. 
but he made no reference to the effect of metallic salts on the granules 
of Paneth cells. No clearcut demonstration of secretory matter pro- 
duced by cells of Paneth free in the cul-de-sac of a gland is found in 
the available literature. i\Iols stated that he was able to see in the 
glandular cul-de-sac granules and filaments stainable by Mann's method. 
His main arguments, however, are more indirect, and his drawings are 
not clear enough. iMa.ximow and Bloom expressed the opinion that 
a discharge of granules into the lumen is rarely seen except under the 
influence of pilocarpine. Hertzog stated that no granules were ever 
seen outside of the cell in the lumen of the crypt. 

The results obtained with the methods used in the present work 
show (1) that the granules of Paneth cells are impregnable with silver 
(fig. 7 A) and (2) that the same silver-reducing product of secretion is 
demonstrable with utmost clarity in the lumens of the glands without any 
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application of pilocarpine. A photomicrograph (fig. 7 B) shows Paneth 
cells in a state of active secretion, and in both left and right lower 
corners are seen uninterrupted connections of secreting Paneth cells 



Fig. 7. — A, human jejunum with a crown of Paneth cells showing silver- 
reducing granules (X 100). B, human jejunum showing uninterrupted connections 
of Paneth cells, with their silver-reducing product filling the lumen of the gland. 
Note the appearance of the true argentaffin cell in the upper part of the gland on 
the right. 
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with their secretory product filling the lumen and giving a reaction of 
silver reduction similar to that shown by intracellular granules of Paneth 
cells. The observations in this work are significant for^ the following 
reasons: (1) They furnish a reliable method for demonstrating the 
intracellular and extracellular secretory product of Paneth cells, and 
(2) they offer additional evidence in support of a concept championed 
by Klein and Bensley to the effect that Paneth cells are zymogenic 
and have nothing to do with goblet cells. Bizzozero claimed to have 
found transitional forms between Paneth cells and goblet cells. Pre- 
nant regarded Paneth cells as mucous cells but as specific elements, 
different from the goblet cells, not as young goblet cells. Hertzog’s 
conclusion is that the Paneth cell gives evidence of being mucoid in 
character rather than an independent zymogenic cell. One has to agree 
with Bensle}'' that claims in regard to the specificity of the various 
methods employed in studies of Paneth cells are unjustifiable and that 
they have served only to add confusion to this subject. Furthermore, 
Bensley stated that the difference in appearance of the granules found 
in Paneth cells is to be given a chemical rather than an architectural 
interpretation. From studies reported here it is obvious that the tinc- 
torial and reduction effects obtained reflect in reality individual phases 
in the secretory cycle of the Paneth cell. With the water blue-silver 
method, depending on the phase of activity of the Paneth cells, granules 
may not be found at all, may take either water blue or silver or may show 
only clear vacuolar structures which do not take any stain. AVith the 
safranin-silver-water blue method the same results are oljserved, but 
the safranin never touches the content of Paneth cells, although it stains 
the mucous content of goblet cells most selectively, AA^'ith the potassium 
bichromate-eosin-silver-water blue method, depending on the phase of 
activity, granules stain either blue, red or black. The cells of Paneth are 
secretory zymogenic cells, and they are entirely different from argentaffin 
cells. Their tinctorial and impregnation features reflect different 
repeated successive phases of secretion. The ordinary argentaffin cells 
are not secretory cells, and their tinctorial and impregnation features 
signify a specific process of rejuvenation of functionally exhausted 
mucous cells, a process which is not shown by the cells of Paneth. 

RESULTS OF STUDY OF THE STOMACH OF THE RABBIT 

Each stomach examined was opened immediately and washed with 
Helly’s fluid. Trimmed portions were put in fresh Helly fixative for 
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twenty-four hours. Sections were taken from the cardiac portion 
(including the esophagus), from the fundus and from the pyloric region. 
The last part j^vas trimmed in such a way that part of the stomach, the 
pylorus and the duodenal jjapilla were seen in the same section. The 
newly devised methods of staining and reduction gave constant, uniform 
and valuable results. 

With the first, or silver-water blue, method, the parietal cells stand 
out clearly, resembling a bunch of grapes, each with a distinctly outlined 
(with silver) tubule-like projection directed from each cell toward the 
lumen and representing ajoparcntly the excretory part of the cell (figs. 
10 and 11 Zl). The effects of phases of digestion, of different diets 
and of starvation for twenty- four to seventy-two hours form the com- 
parative material of the present studies. When the fir.st method is 
applied to the stomach of an animal disposed of six hours after feeding 
the chief cells appear uniformly agranular and light blue, while the 
parietal cells vary in shade, some cells being greenish, some rusty 
yellowish green, some orange brown and some black. 

With the third, or potassium bichromate-eosin-silver-water blue, 
method the differences in a]Di)carance of the parietal cells are much more 
conspicuous. It must be noted here that with hematoxylin-eosin stain- 
ing the granules in the ])arictal cells are shown j^oorly and the individual 
differences in shades of eosin are too insignificant to be of value. With 
the third method, parietal cells appear either bluish green, bluish red, 
violet red, j)inkish red or rusty orange brown. It is in cells of the last 
type that the first a])i')earance of silver-reducing granules is observed 
(fig. \ \ D). In the beginning the granules are small and are scattered 
all over the cell. The nucleus of such a cell loses its fine structural 
pattern, and its chromatin appears as a confluent mass taking water 
blue or eosin. In the course of further cytomorjdiosis tlie granules 
become coarser and more numerous, and finally the entire cell becomes 
loaded with silver-reducing substance to such an extent that no c^'to- 
plasmic structure is recognizable and the nucleus is seen only when the 
level of sectioning jjasses precisely through its middle. In this stage 
the argentaffin cell appears as a low conical cell with its broad base in 
close proximity to the basement membrane. When cut transversally, 
the cell appears as a triangular cell (fig. 9) placed between zymogenic 
cells, and the only conclusion that could be drawn from observations 
on the process of its formation is that it is a parietal cell undergoing 
specific cytomorphosis. When the parietal cell reaches this stage of 
cytomorphosis, it begins to rotate and to retract toward the basement 
membrane (fig. 10.4). While retracting, it drags along its outer conical 
process, which now has the appearance of a tail (fig. 111?). The cell 
shrinks and flattens and in the final step of retraction takes its position 
directly at the basement membrane. Its tail still recognizable, the cell is 
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Fig. 9. — A, rabbit’s stomach six hours after the rabbit was fed, showing early 
stage of transformation of parietal cells into argentaffin cells. The chief cells are 
empty (x 430). B, rabbit’s stomach during starvation, showing an earl.v stage of 
similar cytomorphosis. The chief cells are filled with granules (x 430). 
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now comma-like in shape (fig. 10 B). On further shrinking it is 
gradually transformed into a small oval or round element (fig. 10 J5), its 
argentaffin substance being much more abundant in the subnuclear 
region. ' In some of these cells the silver-reducing substance, instead 
of being jet black, becomes brown and rarefied. As a result of pro- 
gressive fading, the cell is transformed finally into a chromophobe ele- 
ment which does not take water blue and contains no silver-reducing 
substance. This chromophobe cell gradually regains the property of 
staining with water blue, and in the course of further differentiation 
and reorientation it returns to the normal state of the parietal cell 
(fig. 12 7). 

At no time is silver-reducing substance excreted by the argentaffin 
cell, nor is this substance found in the lumen of the gland or in any other 
pericellular zone. There are no signs that argentaffin cells have perished, 
and no evidence is ever found that they are eliminated b}'^ necrobiosis 
or phagoc 3 'tosis. The histologic appearance of the chief cells and of 
the parietal cells varies in relation to the phase of digestion. These 
well known variations have nothing in common with the appearance and 
disappearance of silver-reducing substance observed in a certain type 
of parietal cell. The argentaffin substance is not influenced by phases 
of digestion, by starvation for periods of from twenty-four to sevent}'- 
two hours or by types of diet. The chief cells of the stomach never show 
signs of cytomorphosis similar to that obsen^ed in parietal cells. In figure 
9 A (magnification, X 430 — six hours after feeding) the chief cells are 
empty while in figure 9B (magnification, X 430 — starvation) they are 
heavily loaded with zymogenic granules which appear deep blue with a 
slight touch of silver. These photomicrographs represent two different 
phases of digestion and show that in spite of the difference in appearance 
of the chief cells the argentaffin cells are found in both photographs in 
the same number and are identical in appearance. It proves that neither 
their number nor their appearance is influenced by the stage of diges- 
tion and that the presence of argentaffin substance is not related to the 
production and secretion of digestive substance. The type, position 
and distribution of argentaffin cells are not the same everywhere: in 
one case (fig. 8 A — X 100) they are scattered all over and appear as 
small flattened or oval cells, closely adhering to the basement membrane ; 
in another case (fig. 8B — X 100) they are limited to certain areas and 
ma)'' appear as large triangular cells which differ from the parietal cells 
only by the presence of argentaffin substance. As in the intestine, 
mitoses are not found in the gland containing argentaffin cells but are 
numerous in the gland which shows no argentaffin cells. It is known 
that an occasional parietal cell of the stomach contains two nuclei, and 
it is not a coincidence that an occasional argentaffin cell with two nuclei 















Fig. 12. — Rejuvenation cytomorphosis of (/) parietal cells of the stomach, 
{II) goblet cells of the small intestine and (///) goblet cells of the sigmoid. 
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is also found and only in the stomach. This is certainly a substantial 
argument in support of a genetic relationship between the parietal and 
the argentaffin cell of the stomach. Summarizing, then, the essential 
results of this work, one may conclude that the cytomorphosis observed 
in certain types of parietal cells is identical with that shown b}'^ the 
mucous cells of the intestine. It signifies rejuvenation of the function- 
ally exhausted parietal cells and serves to explain a number of unsolved 
problems connected with the activity of parietal cells in normal and in 
pathologic conditions. 

The space allotted does not permit discussion of other details, and 
only the following brief notes will be added. Brunner’s 'glands take 
safranin and appear pinkish rose. Their secretory ducts contain both 
goblet and argentaffin cells, although neither of these types of cells is 
found in the gland itself. Pyloric and cardiac mucus-secreting glands 
show cytomorphosis of the rejuvenation type, this being especially 
pronounced in the stomach of the rat. 

SUMMARY AND CONCLUSIONS 

This work represents one more effort to shed light on hitherto 
unsolved problems concerning the origin and function of the argento- 
chrome cells of the gastrointestinal tract, which were discovered in 1870 
by Heidenhain and later studied by Grutzner and Menzel,"^ Nuss- 
baum,-® Stohr and others. In this work I have followed the traditions 
of my teacher, the late N. K. Kultschitzky,®'’ who Avas an outstanding 
pioneer in this field of research. In approaching the problem careful 
attention was given to the work of all previous investigators. It is 
regrettable that discussion of their contributions is prevented by lack 
of space. It is satisfying, however, to know that there are in the litera- 
ture reviews by Macklin and Macklin,’^ Schaffer,®’^ Babkin,®- Alvarez 
and others of the histophysiology and pathology of the alimentar}'^ tract 
which are unsurpassed in their impartiality and completeness and which 
make unnecessary repetition here. 
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From the studies presented in this paper it appears that argento- 
chrome cells are not exocrine, endocrine or neurocrine. The objective 
findings in studies of 92 rabbits under normal and experimental condi- 
tions and of a considerable variety of human tissues are summarized 
in the following conclusions : 

1. New, simple, rapid methods of staining and reduction have been 
developed which have proved of particular value in demonstrating a 
genetic relationship between the mucous and argentochrome cells of the 
intestine and between the parietal and argentochrome cells of the stomach. 
The methods formerly employed in the studies of argentaffin cells are 
cumbersome and time consuming and are worthless in demonstrating 
this genetic relationship. 

2. Under normal circumstances the mucous cell of the intestine 
passes through successive phases of secretoiy activity repeatedly, and 
when finally the cell reaches the stage of functional exhaustion it does 
not perish. It becomes refractory, loses its response to normal and to 
artificially applied secretory stimuli and undergoes a rearrangement 
or cytomorphosis, manifested by the appearance, accumulation and 
gradual disappearance of substances which have the property of reducing 
metallic salts. In the course of this cytomorphosis the cell changes its 
position, dedifferentiates and returns eventually to the state of a normal 
secreting cell. This cytomorphosis of the functionally exhausted mucous 
cell is designated as a phenomenon of functional rejuvenation, and the 
entodermal argentochrome cell may be called a rejuvenocyte. 

3. The rejuvenation is accompanied by certain cytoplasmic and 
nuclear changes, and the cytomorphosis observed in the course of reju- 
venation is a manifestation of specific intracellular chemical processes 
and bears no relation to the elaboration or secretion of an}'^ product in 
the sense of exocrine or endocrine secretion. 

4. The existence of such cytomorphosis is supported by the following 
findings : 

(a) With the methods employed, definite intermediary forms are 
found between the functionall}'^ exhausted mucous cells, argentaffin cells 
and chromophobe cells. 

(b) The silver-reducing substance is never excreted into the lumen 
of the intestine and is not found extracellularly. 

(c) These cells cannot be forced to evacuate this substance by 
application to the mucosa of drastic irritants and other chemicals, and 
pilocarpine, applied locally or intravenously, fails to affect these cells. 

((/) The number of argentaffin cells is not influenced by phases of 
digestion, by types of diet or by nineteen different chemical substances 
that were applied. 
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(e) The number of mitoses is in inverse relation to the number of 
argentaffin cells found in the same area, indicating that whenever reju- 
venation fails regeneration by mitosis is called on to compensate this 
failure by the production of new cells destined to reach the same goal 
of functional efficiency. 

(/) The epithelial argentaffin cells are never found migrating through 
the basement membrane, and extraglandular argentaffin cells are either 
mesenchymal or ectodermal. 

(g) When found extraglandularly in the appendix or ileum, some 
argentaffin cells may be of epithelial nature, for the I}’mphoid tissue of 
the appendix and of Peyer’s patches is in reality lymphoepithelial tissue, 
which resembles closely the lymphoepithelial tissue of the bursa of 
Fabricius. This offers a new approach to studies on the origin of 
extraglandular carcinoid tumors. 

5. Argentaffin cells are found in benign pedunculated polyps and 
in some portions of malignant tumors of the intestine. In their origin 
and significance they are similar to argentaffin cells in the normal intes- 
tine, and it may be said that whenever there are in tumors mucous 
cells capable of function and rejuvenation there are found argentaffin 
cells also. The characteristic feature of benign polyps is that the reju- 
venation cycle proceeds normally and mitoses are rare, \\nien, owing to 
any cause, rejuvenation fails, the cells begin to regenerate, and the 
process of exuberant regeneration may talce the course of a malignant 
neoplasm. It is not the degree of glandular differentiation that retards 
the malignancy of a growth. It is the ability of the cells to function 
and to rejuvenate that makes a tumor orderly and slow growing. 

6. When mucous cells are called on to perform their function and 
to rejuvenate under unfavorable circumstances, such as advanced age, 
continuous irritation and stasis — for instance, in the colonic segment 
above a carcinomatous obstruction — the cycle of rejuvenation of the 
functionally exhausted cells is interfered with or interrupted. As a result 
of this, the endogenous product of their gradual disintegration is taken 
up b}'^ macrophages, which are seen at first only around the affected 
gland but later on in the corresponding deep part of the submucosa. 
This leads to patchy pigmentosis or melanosis, which is not found below 
the obstruction, where rejuvenation is not interfered with and conse- 
quently proceeds in the usual way. This serves to explain the origin and 
topographic peculiarities in the distribution of intestinal melanosis. The 
mucosa of the colon and appendix consists chiefly of mucous cells, while 
the mucosa of the small intestine consists of different epithelial cells and 
shows a much smaller number of mucous cells scattered here and there. 
This makes understandable why melanosis above the ileocecal valve is 
hardly ever observed. 
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7 . The methods employed show the hitherto undemonstrable capacity 
of Paneth cells to reduce metallic salts. The results obtained indicate 
that in certain phases of secretory activity the granules of Paneth cells 
are impregnable with silver nitrate and that the same silver-reducing 
product of secretion is demonstrable with utmost clarity in the lumen of 
the gland. The cells of Paneth are secretory zymogenic cells, and they 
do not show the cycle of rejuvenation observed in mucous cells. They 
have nothing in common with mucous and argentaffin cells. 

8. The methods employed demonstrate a genetic interrelationship 
between parietal cells of a certain t\'pe, argentaffin cells and chromo- 
phobe cells of the stomach. They show that the functionally exhausted 
parietal cell, instead of perishing, undergoes cytomorphosis, and the 
argentaffinity observed signifies the phenomenon of functional reju- 
venation. As in the intestine, the argentaffin substance is not excreted by 
the cell and is never found outside the cell. The number of argentaffin 
cells is not influenced by phases of digestion, and argentaffinity is not 
related to the production and excretion of exocrine or endocrine sub- 
stance. ^Vhen passing through the stage of rejuvenation the parietal 
cell is relieved of its specific functional duty. ^Vith ordinary methods, 
the parietal cell in the early stages of rejuvenation does not reveal 
peculiar features; in other words, these older methods are unable to 
reflect the state and behavior of parietal cells in various physiologic 
and pathologic conditions. 

9. Both p)doric and cardiac mucus-secreting glands show argentaffin 
cells of the rejuvenation type. 

10. Excretory ducts of Brunner’s glands are furnished with the 
goblet cells, and they show the presence of argentaffin cells. 

11. In control studies the new methods w^ere applied to all tissues 
of the animal body, and the results obtained are very interesting. Method 
3 is especially valuable when applied to the hypophysis, in which it shows 
four distinct type of cells : chromophobe, light blue, red and argentaffin. 
The significance of such tinctorial and reduction effects is a problem in 
itself. These methods also permit differentiation of mesenchymal ele- 
ments in relation to the phase of their life and activity, and they are 
valuable for studies of the intraepidennal cells of Langerhans which 
with these methods behave like regular histiocytes. 

In conclusion : There are cells of merocrine secretion (the mucous 
cells of the gastrointestinal tract and the parietal cells of the stomach) 
which have the biologic faculty of maintaining their longevit}^ and use- 
fulness by cyclic returns, when functional^ exhausted, to their primitive 
afunctional state, each return being followed by progressive differentia- 
tion and full recover}' of their original efficiency. Argentaffinity, or 
metallaffinit}', demonstrable with histochemical methods, reflects simply a 
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stage in the rejuvenation of certain functionally exhausted and refractory 
entodermal cells and bears no relation to exocrine, endocrine or neuro- 
crine secretion. The significance of the observations reported with the 
new methods is discussed with reference to the following problems : ( 1 ) 
the general life cycle of certain highh* differentiated cells; (2) the func- 
tional endurance of such cells in the absence of any signs of regenera- 
tion; (3) inability of some fully developed cells which have approached 
the rejuvenation stage to react to normal and artificial!}’ applied stimuli ; 
(4) normal compensatory regeneration and focal neoplastic proliferation 
caused by any intrinsic or extrinsic factor interfering with the reju- 
venation cycle or causing a cessation of it; (5) melanosis coli, pre- 
cipitated by local disturbances, with rejuvenation of the goblet cells; (6) 
the h-mphoepithelial nature of the lymphoid tissue of the appendix and 
of Peyer’s patches and (7) additional evidence in favor of the zymogenic 
nature of the cells of Paneth. 



EFFECT OF THYROID FEEDING ON THE 
REMOVAL OF CHOLESTEROL 


LEO ZON, M.D. 

BALTIMORE 

It is known from the work of Mnrata and Kataoka/ Liebig, - 
Turner,® Page and Bernhard’* and Menne, Beeman and Labby ® that 
administration of desiccated th3u-oid and thyroid-stimulating iodine com- 
pounds may prevent experimental atherosclerosis in rabbits. It is 
possible that, in addition to the lowering of the level of the blood 
cholesterol described by many authors, there is a direct stimulation of 
the macrophages in the aortic wall which, as has been shown by Anits- 
chkow ® and Lear}'^," take up deposited cholesterol and tend to dispose 
of it. In either case, whether the mechanism of thyroid jirotection from 
atheroma is a lowering of the level of blood cholesterol or some local 
effect, interest attaches to the effect of thyroid on the ability of cells 
to dispose of or destroy cholesterol; for any reduction in blood choles- 
terol must be caused by some cellular process in the liver or in the 
reticuloendothelial system. That the reticuloendothelial and macro- 
phage system is intimately concerned in the handling of cholesterol in 
the body is indicated by the work of Anitschkow, Chalatow,® Kinimel- 
stiel and Laas,® Thannhauser and Magendanz *** and others. 

In order to reveal the action of thyroid on cells phagocytosing 
cholesterol, a study was made of the effect of thyroid feeding on the 
removal of experimental intracutaneous cholesterol deposits. 

METHODS AND TECHNIC 

The cholesterol was injected in two different ways, suspended in water and 
suspended in olive oil. The water suspension was made b}' dissolving 0.5 Gm. of 
cholesterol cystals in 10 cc. of acetone. This was added to SO cc. of a 0.5 solu- 
tion of gelatin in water. The acetone was removed and the suspension concen- 

From the United States Marine Hospital. 

1. Murata, M., and Kataoka, S. ; Verhandl. d. jap. path. Gesellsch. 7:27, 1927. 

2. Liebig, H. : Arch. f. exper. Path. u. Pharmakol. 195:265, 1930. 

3. Turner, K. : J. Exper. Med. 58:115, 1933; 62:721, 1935. 

4. Page, I., and Bernhard, W. G. : Arch. Path. 19 : 530, 1935. 

5. Menne, A.; Beeman, J., and Labby, D. : Arch. Path. 24:612, 1937. 

6. Anitschkow, N. : Verhandl. d. deutsch. path. Gesellsch. 23:473, 1928. 

7. Leary, T. : Arch. Path. 21:419 and 459, 1936. 

8. Chalatow, S. : Beitr. z. path. Anat. u. z. allg. Path. 47:85, 1914. 

9. Kimmelstiel, P., and Laas, E. : Beitr. z. path. Anat. u. z. allg. Path. 93: 
147, 1934. 

10. Thannhauser, S., and Magendanz, A.: Ann. Int. Med. 11:1662, 1938. 


888 



ZON— THYROID AND CHOLESTEROL 


889 


trated by boiling. After the suspension had been filtered through dense paper 
the concentration of cholesterol was 12 mg. per cubic centimeter. Such a sus- 
pension may be injected through a 26 gage needle. The oil solution contained 
0.5 Gm. of cholesterol in 12 cc. of olive oil. This was heated till clear and then 
was chilled and shaken until very fine crystals formed. It was injected at room 
temperature. 

In preliminary experiments it was found that more than 0.6 cc. of the water 
suspension and more than 0.2 cc. of the oil suspension when injected intradermally 
would produce a nodule the contents of which would slough out in seven to eight 
days. Sloughing out of the nodule occurred also if the injection was given too 
superficially. If the cholesterol was injected beneath the dermis, it was spread 
by the movement of the skin to such an extent that no definite nodule formed. 

Four adult rabbits were given intradermal injections of 0.2 cc. and 0.4 cc. 
of the water suspension in the clipped flank. There was a control injection of 
0.5 cc. of the gelatin. The cholesterol produced firm lentil-shaped nodules, 0.5 
and 0.6 cm. in diameter, white the control injection vanished within twenty-four 
hours. Tablets of commercial iodothyroglobulin were ground into a suspension 
and administered by means of a soft rubber catheter daily to 2 of the 4 rabbits. 
The rabbits received iodothyroglobulin equivalent to 3 to 5 grains (0.2 to 0.3 Gm.) 
of desiccated thyroid daily. This dosage produced loss of w'eight and emaciation. 
Such doses have been shown by Turner ^ and by Menne, Beeman and Labby ® to 
be sufficient to protect against atheroma. 

The second group was composed of 10 healthy rabbits which had been dis- 
carded after previous bleedings and experiments. Each of these animals was 
given five injections intradermally, making a row parallel to the spine. Fifteen 
days later, another series of five lesions was placed on the opposite side in every 
animal in this group except 3. Each injection consisted of 0.15 cc. of the olive 
oil suspension. Control injections of 0.15 cc. of olive oil were given. Test 
rabbits received 4 to 6 grains (0.25 to 0.4 Gm.) of desiccated thyroid daily. When 
the drop in weight became too rapid, the administration of thyroid was discon- 
tinued for several days. There were 5 test rabbits and 5 controls. Two test 
animals died on the eleventh day from overdosage of thyroid. Lesions were 
removed after they had been present for fifteen days and after thirty days. 
Lesions from 1 test animal and 2 controls were removed at twenty-eight days and 
fifty-eight days, respectively. 

RESULTS 

The 4 rabbits given the watery suspension showed but little inflam- 
matory change about the points of injection. The 0.2 cc. nodules were 
removed from all 4 rabbits after fifteen days. At this time the nodules 
had decreased from about 5 mm. to about 3 mm. in diameter. There 
was no difference in the size of nodules on controls and thyroid-fed 
animals. One test animal died two days later, and the 0.4 cc. lesion 
was removed. The remaining 3 rabbits were followed for two weeks 
more, until the lesions were barely palpable. The lesions on the 3 
animals were almost identical in size at this time, again showing no 
effect of the thyroid feeding. 

After injection of the oil suspension there occurred an inflammatory 
area 1 cm. in diameter, which in the course of several da 3 's contracted 
to a small nodule, 5 to 6 mm. in diameter. The impression was gained 
that in the thyroid-fed rabbits the olive oil control and the first inflam- 
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Explanation of Figure 

A, lesion eleven days old from a test rabbit (oil suspension) ; hematoxjdin and 
eosin ; X 175. The photomicrograph shows the cholesterol spaces with protein 
between them but with no cellular reaction. The darker areas are collagen fibers, 
which take a deep hematoxylin stain. 

B, lesion two weeks old from a control rabbit (oil suspension) ; hematox 3 din and 
eosin ; X 540. The histiocytes are shown collecting about and between the choles- 
terol crystals and forming giant cells. 

Cj lesion fifteen days old from a test rabbit (water suspension) ; frozen section 
stained with sudan III and photographed between partially crossed polarizers; 
X 120. It shows the distribution of sudan-stained macrophages about the central 
crystal deposit. It may be noted that although the macrophages stain deeply 
with Sudan III there is little anisotropic material within them. 

D, lesion thirty days old from a test rabbit (water suspension) ; hematoxylin 
and eosin ; X 540. The very large giant cell -with eosinophilic peripheral cyto- 
plasm and the finelj^ granular C3hoplasmic zone is shown together with lipoid- 
laden macrophages and smaller giant cells. 



». ^fiOLBSTl 









892 


ARCHIVES OF PATHOLOGY 


matory phase of the lesions disappeared more rapidly than in the con- 
trols. After about a week the lesions on control and test animals 
became the same size and remained so. There was some variation in 
size between lesions of the same duration on the same animal. One 
control rabbit of this group had unusually large lesions, which remained 
larger than those of the other controls. 

With the exception noted, it was clear that there was no significant 
diflference in the size and character of the lesions on control and test 
animals. 

MICROSCOPIC OBSERVATIONS 

The microscopic observations are based on sections from : (o) fif- 
teen day lesions of 2 control and 2 test animals; {b) eleven day lesions 
from 2 test animals; (c) fifteen day lesions from 2 test animals and 3 
controls; {d) thirty day lesions from 2 test animals and 3 controls; (<?) 
twenty-eight and fifty-eight day lesions from 1 test animal and 2 
controls. Each lesion was studied in both frozen and paraffin sections. 
The frozen sections were examined with sudan IV and between polar- 
izers. 

During the first week the lesions showed little reaction about the 
deposits of cr3^stals. In several lesions there were numerous poly- 
morphonuclear leukocytes, but their presence was interpreted as a 
reaction to accidental infection. A in the figure shows the absence of 
cellular reaction after eleven days. There is only a slight suggestion 
of the marked necrosis descrilied in such lesions by Basten.^^ 

After the first week there was mobilization of histiocytes. These 
cells, which are shown in B in the figure, applied themselves to the sur- 
faces of the cholesterol, sent out processes which enveloped the crystals 
and in other places fused to form giant cells. In the lesions produced 
by the water suspension many of these early cells degenerated, forming 
a cellular debris, which was remoA'ed by later cells. In the lesions 
produced by the oil suspension {B in the figure) this degeneration was 
absent. Aside from this difference the oil suspension lesions ran 
parallel with the water suspension lesions. The cytoplasm of the 
histiocytes and of the giant cells they formed was at first eosinophilic 
with a A'ery homogeneous appearance. In the lesions from tAvo to three 
Aveeks old, “foamy” areas Avith neutral staining properties appeared 
within individual cells and within the giant cells. The giant cell in D 
in the figure shows this foamy change in the central region occupied 
b)'' the nuclei. In almost every case the nuclei of the giant cells were 
Avithin this area and usually distributed along its periphery. This 
tendency may be clearly seen in D. The foamy areas of the giant cells 
under the highest resolving poAvers of the microscope Avere identical 
Avith the contents of the so-called “foam cells.” In the oldest lesions 
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there were few giant cells, the predominating cell being a rounded, well 
filled macrophage with foamy or granular, neutral cytoplasm. 

Frozen sections of the lesions with an early macrophage response 
showed numerous intracellular sudanophilic droplets, which were for 
the most part optically inactive. This is shown in C in the figure. This 
lesion was taken from a rabbit which i*eceived the watery suspension 
of cholesterol. There is, therefore, no possibility that these droplets 
were phagocytosed olive oil. It must follow, then', that one of the 
earliest steps in the removal of cholesterol is the mobilization of lipoids 
into macrophages for the purpose of either esterification or emulsifica- 
tion. It has been pointed out by Kutschera-Aichbergen and Lison 
that decision as to the chemical nature of the lipoids from their stain- 
ing properties is hazardous. From their indifference to polarized 
light one might believe that the fine sudan-staining droplets are for 
the most part fats and fatty acids. 

The older lesions showed many intracellular optically active drop- 
lets, many of which exhibited the polarization cross. The presence of 
the latter droplets has led to the idea expressed by Fasten 'that esteri- 
fication precedes phagocytosis. In these sections there were also many 
extracellular droplets showing the polarization cross, which possibly 
indicated extracellular esterification. 

It was hoped that careful microscopic study would reveal some dif- 
ference between the lesions of the thyroid test animals and those of 
the controls. This difference might be expected in the size and number 
of histiocytes and their degree of development into “foam cells.” There 
also might be differences in the size, number and character of the giant 
cells. Finally the amount of optically active material left in the form 
of crystals could be readily compared in frozen sections in control and 
test animals. Careful comparison, however, revealed that none of 
these differences were present. 

COMMENT 

It may be objected that removal of pure cholesterol is not analogous 
to the removal of lipoids from the aorta, for this contains a large pro- 
portion of esters. It is possible that the removal of cholesterol has as 
one of its slower steps, esterification, which may be unaffected by the 
general metabolic activity of the phagocytic cells. Thannhauser and 
Magendanz stated that xanthomas become relatively higher in free 
cholesterol with age, which indicates that esters may be removed more 
readily than free cholesterol. In the lesions examined, however, it is 
estimated that from one third to one half of the original crystalline 
material was changed into droplet form and taken up into phagocytic 
cells. If one may believe that cholesterol is well on its way to its 
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ultimate local fate by the time it is taken up into granular phagocytes, 
it is clear that thyroxin has had ample opportunity to exhibit its effects 
on these later stages of the removal process. The numerous extracellular 
droplets showing the polarization cross were present in almost the same 
numbers in the test and control lesions. 

Thannhauser and Magendanz pointed out that it is likel}’’ that 
cholesterol absorbed or synthesized in metabolic processes is excreted 
unchanged. This indicates that there is probably little cellular destruc- 
tion of the cholesterol molecule. Such a conception fits well with the 
finding that thyroxin does not stimulate the removal process, for the 
effect of thyroxin is on cellular oxidation processes. The numerous 
very fine sudanophilic optically active droplets seen in frozen sections 
and the fine foam structure of the phagocytic cells in paraffin sections 
suggest that the essential process of removal is a purely physical one 
of emulsification and possibly solution in fine fat droplets. 

While this material demonstrates clearly the conversion of choles- 
terol from crystalline form into inti'acellular droplet form, it does not 
throw much light on the ultimate removal of the cholesterol. Since 
the appearance of the crystals is so different from that of the optically 
active droplets and since the dispersion of the cholesterol influences 
its optical activity, it is impossible to estimate how much of the original 
deposit of cholesterol has been removed from the lesion. 

Beidermann and Hoefer showed that lipoid-laden macrophages 
retain the power of migration. Many foam cells were found some dis- 
tance from the main deposit of cholesterol, but this was interpreted 
as being due to a dissemination of the injected material rather than to 
migration of macrophages. The only clue to the mechanism of removal 
suggested by this material is the finding that some of the older lesions 
showed large granular macrophages which appeared to have disinte- 
grated and thus discharged their highly emulsified contents into the 
lymph spaces. 

The observations described indicate that there is no marked and 
immediate effect exerted b}'^ thyroid on the removal or destruction of 
cholesterol. There may, of course, be some less marked, slower effect 
which can be detected only by quantitative measurement. In view of 
the absence of any thyroid stimulation of the removal of cholesterol 
by macrophages it seems that it would be more logical to seek the 
mechanism of this protection from atheroma in an effect on excretion 
or synthesis. 

CONCLUSION 

Thyroid feeding does not accelerate the removal of cholesterol from 
intracutaneous experimental deposits in the rabbit. 
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PRIMARY FIBROSARCOMA OF THE BRAIN 

Lillian Cottrell, M.D.. Minneapolis 

To the present time only 6 tumors composed of fibroblastic tissue 
have been reported as primary in the brain substance. Histologically 
they resembled fibroblastoma occurring elsewhere in the bod}', although 
their origin has been a moot question. It seems permissible to report 
another such tumor, not only because of the rarity of tumors of this 
type but also because of the additional evidence available as to their 
probable origin. 

The reports of the first 4 primari- fibroblastic tumors of the brain to be 
recorded in the literature have been reviewed by Baker and Adams ^ and will 
be summarized only briefl.v in this report. Bailey - reported 2 tumors of this type. 
One of these was studied by ilallory. The first tumor occurred in the right 
temporal lobe of a 42 year old woman as a semiopaque cartilaginous mass adlierent 
to the dura. Histologically it was typical of fibrosarcoma, being composed of 
spindle-shaped cells separated by reticulin and collagen. Bailey’s second tumor 
was an operative specimen removed from the right lateral ventricle of a 19 year 
old youth. It consisted of streams of spindle-shaped cells which had a delicate 
cytoplasm and oval or elongated nuclei containing dustlike chromatin material. 
Collagen was abundant in the degenerative areas. 

Mallory ^ described a primary fibroblastic tumor in the right frontal lobe 
of a 33 year old man. It measured S cm. in diameter and was of an unusual 
firmness and whiteness. Histologically it was a slow-growing fibrosarcoma. 

Alpers, Yaskin and Grant ^ added a fibroblastoma removed from the right 
frontotemporal region of a 52 year old man. It was an encapsulated white fibrous 
tumor, composed of loosely packed cells and myxomatous tissue. The rich inter- 
cellular substance consisted of fibrous tissue and fibroglia. Areas of degeneration 
and blood vessels were jiumerous. The neoplastic cells in close association with 
the walls of the blood vessels were in a stage of proliferation and were assumed 
to be “centers of growth” for the tumor. 

Baker and Adams ^ reported a primarj" fibroblastoma found at autopsy in the 
right frontal lobe of a 10 year old girl. The tumor measured 5 cm. in all diameters 
and was extremely firm and sharpl.v circumscribed but not encapsulated. On the 
cut surface it was white, semiopaque and almost gritty. It showed no attachment 
to the dura. The tumor was uniformly composed of fine and coarse strands of inter- 
twining collagenous fibers that extended in all directions and stained readily with 
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azocarmine. In some areas these intercellular fibers were fused to form homo- 
geneous bundles, which had a hyaline appearance. In certain parts of these bands 
occurred plaquelike thickenings. Interspersed among the fibers of collagen were 
a moderate number of irregular cells. The majority were elongated and con- 
tained scanty cytoplasm with a finely granular nucleus. The brain tissue adjacent 
to the neoplasm showed extensive glial and microglial reaction, but within the 
tumor only microglia cells were present. Blood vessels were numerous in all 
sections but especially in the more cellular area’s. These vessels varied from the 
more frequent endothelium-lined cavities to the less frequent vessels having walls 
typical of cerebral arteries. In no case, however, were there anj' proliferative 
areas comparable to the “centers of growth” described by Alpers, Yaskin and 
Grant.^ Numerous hemorrhages were present, most of which were not perivascular, 
although there were a few so-called ring hemorrhages. 

Meyer and Scheller reported a fibromyxoma which protruded from the 
left temporal region of a 25 year old woman. This fluctuant mass had been obvious 
since a few months after birth, with no clinical symptoms until the age of 18. 
At autopsy the tumor was cystic and very large, replacing the greater part of the 
right parietal area. It extended from the frontal region to the transoccipital sulcus. 
The right side of the cerebrum and the basal structures were markedly distorted, 
and the convolutions were flattened. The tumor was not attached to the meninges. 
Externally the new growth appeared grayish and glassy, and was of a tough 
elastic consistency. Its cut surface contained numerous cysts of all sizes. The 
solid portions of the neoplasm were variable in appearance, some being whitish 
and calcified, while others were hemorrhagic, mucinous and soft. Microscopically, 
the tumor was composed of connective tissue septums interspersed \yith young 
fibroblasts. To the authors, the characteristic feature of this new growth was 
the presence of degenerative fibroblasts, which had become vacuolated and filled 
with a mucoid substance. The authors expressed the belief that these vacuoles 
ruptured, discharging tlieir mucin, and were therefore the source of the mucin 
found in the interstices. The tumor was vascular, and from the adventitia of the 
vessels many fine collagenous strands extended outward into the adjacent tissue. 
This outgrowth of connective tissue from the adventitia of the blood vessels 
resembled the “centers of growth” described by Alpers, Grant and Yaskin."* The 
tumor both invaded and compressed the surrounding tissue. Other features observed 
were lipomas of the meninges and small cysts of the kidney. 

REPORT OF A CASE 

A white man aged 52 years had been somewhat uncooperative and careless 
for the past five 3 ’ears. One 3 ^ear prior to his admission to the hospital he began 
to complain of headache and periods of dizziness. He continued to work, however, 
until five months prior to his admission, at which time he sudden^’^ suffered a 
convulsive seizure, associated with unconsciousness lasting for forty-five minutes. 
The patient had complete amnesia for this attack. Following this spell he remained 
at home for seven weeks, during which time he complained of weakness and 
malaise. The headache, which had left following the seizure, returned. His 
behavior throughout this time remained normal. The patient then returned to 
work, but it was noticed that his judgment was becoming poor. Two months 
prior to admission he became peculiarly quiet and began to stumble in his speech. 

5. Meyer, H. H., and Scheller, H. : Virchows Arch. f. path. Anat. 300:473, 
1937. 
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He would express himself with the wrong words, altiiougli he seemed to know 
what he wanted to say. This defect in speech was not continuous but came and 
went, many days passing in which it was not present at all. 

When first seen by a physician, he complained of a heavy feeling in his head. 
The results of an examination of the cranial nerves were negative. There was 
weakness of the right upper extremity and absence of the patellar reflex on the 
same side. The Chaddock, Oppenheini and Gordon signs were observed ot) the 
right. Incoordination was noticed in the performance of the right finger to nose 
test. Superficial and deep sensation were intact. The rest of the neurologic 
examination gave negative results. The patient presented mild motor aphasia, an 
apathetic emotional attitude and some diminution in attention. Laboratory studies 
gave negative results. Roentgen studies after injection of air into the lateral 
ventricles revealed them to be displaced to the right. 

A few days after admission a craniotomy was performed and the left frontal 
lobe explored. No tumor was encountered. Subsequent to the operation hyper- 
pyrexia and circulatory instabilit}’ developed, and the patient died the following 
day. 

Autopsy . — The brain revealed asymmetry due to an increase in the size of 
the frontal lobe of the left hemispliere. In this region there was an operative 
cavity, measuring 4 by S cm. Coronal sections of the left cerebral hemisphere 
revealed 2 tumors. One was near the frontal pole and the other in the temporal 
lobe (fig. lA and B), Both were of the same appearance and consistency but 
did not seem to be united at any point. On cut section they were hemorrhagic 
and necrotic, but not encapsulated, and had the characteristic gross appearance of 
gliomas. 

The tumor in the frontal lobe was situated immediately beneath the operative 
cavity. It measured 3 b}' 2 cm. in the vertical plane and encroached on the inferior 
surface of the frontal lobe but was separated from the surface by a thin layer 
of cortex (fig. IN). The tumor extended posteriorly along tlie frontal horn of 
the lateral ventricle for a distance of 3 cm. 

The other tumor, in the posterior part of the left temporal lobe, was likewise 
separated from the surface bj- a thin layer of cortex. Beneath the surface it 
measured 4 by 3 cm. and extended to a depth of 3 cm. (fig. IB). Both tumors 
merged imperceptibly into the surrounding brain tissue and were entirely intra- 
cerebral. There was no attachment to the dura. 

The only abnormalities observed on cut section of the right cerebral hemisphere 
were generalized thinning of the cortex, numerous subependymal petechiae and a 
large clot filling the frontal pole of the lateral ventricle. There was no hydro- 
cephalus. The basal structures and cerebellum were uninvolved. 

Microscopic Appearance . — The tumors were similar in histologic appearance. 
For purposes of description they can be considered as divided into three zones — 
central, middle and peripheral. The large central portion was composed of a 
necrotic hemorrhagic material. In this area, thickened and degenerated walls 
marked the outline of many former blood vessels. The middle zone was made up 
of actively proliferating fibroblastic tissue and was very cellular, with an irregular 
arrangement (fig. 2 A and B). Intercellular collagenous fibers, which stained 
blue with the azocarmine, were numerous: they appeared in large sheets between 
the proliferating ceils. Nerve and glial fibers, which showed degenerative changes, 
had been entrapped by this rapidly growing tissue. Blood vessels were con- 
spicuous and appeared to be a part of the neoplastic process, if not the actual 
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source of it (fig. 2 B). The peripheral zone of the tumor represented the neuroglial 
reaction to the invasion of the fibroblastic elements. Here there was gradual 
blending of the reactive into the normal brain substance, with no sign of capsule 
formation. 

The most characteristic part of each tumor was found in the middle zone, 
where one could study the variable structure of the proliferating tumor cells. The 
small spindle-shaped cells contained hyperchromatic nuclei. Their cytoplasm was 
abundant, streaming from either pole, and took a dull brick color. The intercellular 
fibers of such cells were few and were arranged in parallel fashion as though they 



Fig. 1. — A, coronal section through the left frontal lobe showing the hemor- 
rhagic, necrotic intracerebral tumor. B, section through the temporal neoplasm. 
This tumor is similar in appearance to A but is even less circumscribed and 
merges into the surrounding tissue. 

had a definite objective. Mitotic figures were frequent in these areas (fig. 2 A). 
Other cells possessed large oval vesicular nuclei with a heavy nuclear membrane 
and clumped chromatin (fig. 2 5). Here the scanty cytoplasm was stellate. The 
fibers were more numerous and intertwined in aimless fashion to produce a 
reticular pattern. Intermediary forms, of course, were present. There was verj’^ 
little hyaline degeneration. Other cellular elements of connective tissue were also 
seen — macrophages, eosinophils and plasma cells. 

The compressed and degenerated brain substance which lay adjacent to the 
tumors introduced a variety of cell reactions which slightly complicated the picture. 
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In this peripheral zone the geinistoo tic astrocytes were more abundant than the 
pilocjtic ones. These cells were made more conspicuous because of the partial 
demyelinization of the surrounding: brain tissue. [Microglia cells were interspersed 
with the other neuroglial elements but were most numerous in the perivascular 



F'g - — A, section throusjh the cellular portion of the frontal tumor. Xote the 
\anablo structure of the proliferating tumor cells. Mitoses are numerous. B, 
photomicrograph of the cncmitj of a small blood \essel. The fibroblastic prolifera- 
tion can be seen extending from the vicmitj of the lascular adxentitia into the 
surrounding tumor ti^Mie. 

spaces, where thc\ had migrated with their inge>ted cerebral debris. Lymphocytes, 
polimorphonuclear'. and plasma cells could aho be found in the perivascular 
regions, intermixed with the sca\engcr cells. 
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Throughout the tumors the blood vessels were increased in number, and their 
walls, in thickness. In the area of neuroglial reaction (peripheral zone) fibro- 
blastic proliferation was seen in the outer layer of many of the vessel walls. 
Where the vessel consisted of a single layer of endothelium, a fibroblastic mesh- 
work surrounded the vessel, enclosed the perivascular cells and extended into the 
adjacent brain tissue. 

In the actively neoplastic zone one could observe large strands of connective 
tissue extending from the vicinitj'' of the vascular adventitia into tlie surrounding 
tumor tissue (fig. 2B). This proliferating connective tissue had caused a dis- 
tortion of the architecture of the vessels and a constriction of their lumens. The 
resultant thrombosis led to tlie necrosis which comprised the bulk of the tumor. 
The fibroblastic tissue which surrounded the still patent blood vessels was similar 
to that of the remainder of the tumor but was more dense and concentrically 
arranged. The densit}' and nature of the fibroblastic growth prevented any peri- 
vascular hemorrhage around these vessels. 

In sununary, these neoplasms were considered to have had their origin in 
connective tissue because the type cell was the fibroblast. The neoplastic tissue 
was classed as sarcoma because of its invasive properties and because of the 
evidence of rapid growth. There was no sign of capsule formation. Many areas 
contained spindle-shaped cells with hyperchromatic nuclei and abundant cytoplasm. 
Intercellular substance was scanty in these areas, and mitotic figures were com- 
mon. Centers of growth around blood vessels were a characteristic feature. 

COMMENT 

The 7 primary brain tumors of fibroblastic origin can be subdivided 
into 4 fibrosarcomas, 2 fibroblastomas and 1 fibromyxoma. They occurred 
in the frontal and temporal regions in patients ranging in age from birth 
to the age of 52 years. One tumor had a connection with the meninges. 

Such tumors ma}'- have as their origin the pia, the vascular adventitia 
or the pia surrounding the blood vessels. Alpers, Yaskin and Grant 
stated, “There can be little doubt . . . that around the many vessels 

in our tumor, were tumor cells that arrange themselves in intimate 
relations to the vessels. They seem to be pai't and parcel of vessel wall.” 
These authors suggested as an etiologic possibility those cells which, like 
the capillaries, are derived from embryonic connective tissue and which 
accompany the capillaries. The cells which accompany the capillaries 
were formerly called perithelium, but according to Maximow ® this 
term should be discarded as it included several types of cells. He 
believed that as the vessel becomes more complex the adventitia gradually 
merges with this cellular element and that undoubted!}" both have a 
common source. Alpers, Yaskin and Grant ^ concluded that the fibro- 
blastic origin is from the leptomeninges, cerebral vessels or cells asso- 
ciated with vessels capable of differentiating into fibroblastic cells. 

Meyer and Scheller ® offered, as the source of their fibromyxoma, 
mesenchymal rests or the adventitia of the blood vessels of the brain. 
The deformtiy of the skull since birth and the concomitant existence of 
lipomas of the leptomeninges and cysts of the kidney suggest the 
mesenchymal rest. 

6. Maximow, A. A., and Bloom, W. : A Textbook of Histology, ed. 2, 
Philadelphia, W. B. Saunders Companj", 1934, p. 245. 
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Although the derivation of the leptomeninges is still unsolved, it is 
known that the)' become invaginated to form the perivascular spaces of 
Virchow and Robin. Because of this close proximity to the vascular 
adventitia it is difficult to determine absolutely whether these tumor cells 
originate from the leptomeninges or from the vascular adventitia. In 
the present case tumor cells were found around capillaries and could 
well he derived from the undifferentiated mesenchymal cells. In vessels 
hanng more complex walls the proliferation apparently was occurring 
in the adventitia and spreading peripherally. The histologic ewdence 
certainly favors the opinion that the tumor cells were arising from the 
connective tissue of the adventitia or from its precursor, the less dif- 
ferentiated mesenchymal cells. 

SUMMARY 

A case is reported in which 2 separate fibrosarcomas were found in 
the left cerebral hemisphere of a 52 year old man. 

From the histologic studies of fibroblastic tumors of the brain it 
appears that their most probable origin is from the connective tissue 
of the adventitia or from its precursor, the less differentiated mesen- 
chymal cells. 



HEMOBLASTIC SARCOMA (PRIMITIVE RED CELL 
TYPE) FOLLOWING POLYCYTHEMIA VERA 


David Perla, M.D., and S. B. Biller, M.D., New York 

The case to be presented is a remarkable instance of overcom- 
pensation of hemoblastic tissue following the exhaustion of abnormal 
erythropoiesis, which was terminated by vigorous benzene and roentgen 
ra}'- treatment. 

REPORT OF CASE 

A woman of 47 years was admitted to the hospital April 26, 1936. Seventeen 
years earlier, at the age of 30, her red cell count was 11,000,000, and a diagnosis 
of polycythemia vera was made. She was treated during a period of thirteen years 
with roentgen radiation and benzene. The treatment was discontinued in 1932, 
when the hemoglobin content dropped to 70 per cent and the red cells to 3,500,000. 
Five years prior to admission she had a series of attacks of chills and fever 
associated with herpes zoster and Horner’s s 3 'ndrome on the left side. These 
attacks were never explained. During the two 3 'ears prior to admission her S 3 TOp- 
toms had been largely those of progressive severe anemia. She had been given 
repeated transfusions of blood and parenteral injections of liver. Si.x months prior 
to admission she began to have painful swelling in the region of the right scapula, 
which on biopsy was diagnosed as sarcoma of the scapula. This mass almost disap- 
peared with roentgen therapy. A pleural effusion occurred on the left side, and a smear 
of sediment from the fluid revealed 23 per cent m 3 -eloblasts. At this time a count 
made on the peripheral blood showed, in addition to the sccondar 3 ' anemia, 14 
per cent myeloblasts and 6 per cent normoblasts. 

During the first two months of the patient’s stay in the hospital numerous lumps 
developed over the jaw, sternum, abdomen and groin. The 3 " were painful and 
tender. These masses appeared at sites of injection or of injur 3 L 

On examination during her sta 3 ’’ in the hospital, she presented an enlarged 
liver, a hard, firm enlarged spleen, an inconstant soft s 3 'stolic murmur at the apex of 
the heart, signs of consolidation at the base of the left lung and an old unhealed 
abscess of the left buttock. In addition, masses of soft tissue were felt at the 
angle of the jaw on the left, over the right temporal region, at the left corner of 
the mouth, over the sternum, in the abdominal wall and in the right and left 
groins. The inguinal and the anterior cervical bmiph nodes were enlarged, some 
being as large as a lemon. 

The red blood cell count was 3,000,000; the hemoglobin content, 58 per cent; 
the color index, about 1. The white blood cell count was 3,100, with differential 
percentages as follows ; segmental polymorphonuclears, 44 ; staff pob'inorpho- 
nuclears, 5; m 3 ’^elocytes, 2; myeloblasts, 22; l 3 'mphoc 3 ''tes, 19, and monocytes 7. The 
platelet count was 75,000. The bleeding, coagulation and clot retraction times 
were normal. Chemical examination of the blood revealed a low level of 
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cholesterol, 125 mg.; calcium. 12 mg.; phosphorus, 3.7 mg.; protein, 4.1 Gm. ; 
albumin, 2.2 Gm.; globulin, 1.9 Gm.; icterus index, 4; bilirubin, 0.3 mg.; sugar, 
98 mg. ; urea nitrogen 12 mg. The tourniquet test was negative. The blood plasma 
volume was slightly increased. 

The gastric juice revealed achlorhydria even after administration of histamine. 
Bence Jones protein was not present in the urine. The basal metabolic rate was 
A- 64 and -f 57 per cent. The Wassermann and Kahn reactions were negative. 

Roentgen examination revealed pleural masses, especially over the upper lobe 
of the left lung, and increase in the width of the superior mediastinum. A large 
mass of soft tissue was also seen involving the sternum. There was slight 
osteoporosis of the distal ends of the shaft of both femurs and of the lower third 
of the right tibia, but it was not characteristic of a destructive lesion. 

Biopsj' of the soft tissue mass in the abdominal wall revealed an appearance 
of chronic granulomatous tissue, which at the time was considered to be sug- 
gestive of Hodgkin’s disease. The clinical diagnosis was myelosarcoma with the 
blood changes of myeloblastic leukemia. 



Fig. 1. — Cross section through the sternal mass. 


The patient was e.xtremely weak and declined rapidly. She died on June 1, 
five weeks after admission. 

Autopsy . — The anatomic diagnosis was: hemoblastic sarcoma of a primitive 
red cell tj'pe. with invasion of subcutaneous and soft tissues, muscles, right femur, 
sternum, intercostal tissue, on the left vertebral column, pleura, lungs, left side of 
the diaphragm, heart, right kidney, gastrointestinal tract, left inguinal nodes, tonsils 
and uterus; diffuse hemosiderosis: splenomegaly; indeterm.inate endocarditis of 
the mitral valve, and an unhealed gluteal abscess on the left. 

A large tumor mass, 9 by 6.5 by 5 cm,, was present over the greater portion 
of the sternum. This mass was firmly adherent to the overlying skin and also to 
the underlying bone. On section it revealed erosion of the bony structure. It 
was partly necrotic but generally firm and whitish pink. Subcutaneous nodules 
were encountered in the scalp and left cheek, over both mandibles, in the right 
side of the face just anterior to the ear and' in the left breast. They varied in 
diameter from 1 to 6 cm. On section they resembled the mass over the sternum. 
.\n abscess was present in the wall of the right upper quadrant of the abdomen. 
On section an extensive hemorrhage was encountered in the surrounding muscle 
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tissue. A large abscess mass in the buttock contained tumor tissue in the sur- 
rounding muscle. A series of matted firm enlarged h-mph glands filled the entire 
right axilla and e.Ktended down to the scapula. There were similar nodes in the 
left inguinal region. Tumor tissue infiltrated all the anterior mediastinal soft 
tissues and both tonsils. 

The major vessels coming from the arch of the aorta were surrounded b}' tumor 
tissue. The left pleural cavity was obliterated bj* adhesions and extensively 
infiltrated by tumor, particularly at the base. The major portion of the left 
parietal pleura and the diaphragm were infiltrated and studded throughout with 
firm pink-white tumor nodules. On section the right lung contained one firm area 
of tumor tissue close to the hilus. Subpleural nodules were present throughout 
both lungs. 

The spleen was enlarged (725 Gm.) and firm. On section the surface appeared 
somewhat glazed and pinkish red. The markings were not distinct. There was 
a small nodule, parth' necrotic, beneath the capsule. 

In the fundus of the stomach, along the greater curvature, was a large raised 
circular nodule, 5 bj- 5 by 1 cm., which on section contained pink-white tissue. 
Similar nodules were found beneath the mucosa of the cecum, colon and rectum, 
also in the substance of the right kidne\' and in the body of the uterus. They 
varied in diameter from 1 to 4 cm. The paravertebral muscles and soft tissue were 
infiltrated by tumor. The marrow of the vertebrae was deep red and hyperplastic. 
The thoracic vertebrae showed areas of firm pink-white tumor. The marrow of 
the right femur was completely replaced by tumor. 

Microscopic Examinalion . — The tumor nodules and bone marrow were similar 
in appearance. In the marrow of the right femur the cells were arranged in solid 
sheets, which were apparently confluent hemopoietic nodules, the most primitive 
cells of which were centrally located. The large predominant cell measured about 
20 microns in diameter, was rounded or oval and contained nongranular baso- 
philic cytoplasm, occasionally vacuolated. The cell membrane was indistinct. The 
large nucleus, rounded or oval, was frequently notched in kidney bean fashion; 
it filled most of the area of the cell and was slightly eccentric. The nuclear 
membrane was coarse and sharply defined, ilany dense nucleolar bodies were 
irregularly scattered throughout the nucleus. The nucleus was frequently seen in 
mitotic division. These cells were interpreted as hemocytoblasts. 

ilore peripherally there were slightly smaller spherical cells with round, regular 
nuclei and more or less evenly distributed nucleoli, suggestive of proerythroblasts 
and erj-throblasts. Adjacent to these were mam' smaller cells, about 9 microns in 
diameter, with small round nuclei containing dense chromatin material. The cj-to- 
plasm was basophilic in some and esosinophilic in others. The appearance was 
characteristic of normoblasts in various stages of development. 

Occasional large cells, similar in appearance to the hemocytoblasts, contained 
eosinophilic granules in their cytoplasm; some revealed horseshoe-shaped nuclei. 
These were interpreted as promyelocytes and myelocytes. 

Some cells, about twice the size of the hemocr-toblasts, with irregular cj-to- 
plasmic projections and large dense irregular nuclei, appeared to have the charac- 
teristics of megakaryocr-tes. 

The mass in the sternum, as well as other masses, consisted of primitive 
hematopoietic elements, chiefly hemocj'toblasts and many erj'throblasts and normo- 
blasts, arranged in a fashion similar to that seen in the bone marrow. Hemorrhage, 
necrosis and old blood pigment were scattered throughout. 
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COMMENT 

This condition was interpreted as a stem cell sarcoma of a primitive 
red cell type. It was an interesting example of overcompensation follow- 
ing exhaustion of erythropoiesis by benzene and roentgen therapy, 
instituted for the treatment of polycythemia vera. The hemoblastic 
sarcoma of a primitive red cell type may be looked on as a phase of 
overcompensation following this exhaustion and may be operative 
through a central mechanism. So-called myelogenous leukemia has been 
known to occur as a late phase in cases of exhausted polycythemia vera, 
but this seems to be the only instance on record, to our knowledge, of a 
tumor of a primitive red cell type in a human being. 



BALL THROMBUS OF THE HEART 
Report o£ a Case with Review of the Literature 


C G. Aronstein, M.D. 

Associate Pathologist, Providence Hospital 

AND 

Lester Neuman, M.D. 

Pathologist, Providence Hospital 

WASHINGTON, D. C. 

up to 1924 Abramson ^ was able to collect from the literature only 
22 cases of ball thrombus of the heart, to which he added the twenty- 
third. His article is excellent and should be read by every one interested 
in this condition. Since then, other cases have been reported,- bringing 
the total to 30 cases. Ball thrombus of the heart is therefore of sufficient 
rarity to warrant report of another case. 

As the term is used in this paper, a ball thrombus must fulfil the 
criteria set down by Welch ; ® i. e., there must be (a) entire absence of 
attachment, with consequent free motility; (&) imprisonment in con- 
sequence of an excess in the diameter of the thrombus over that of the 
first narrowing in the circulatory passage ahead of it, and (c) such 
consistency and shape that the thrombus will not of necessity lodge as an 
embolus in the passage. Separation of cases of this particular type of 
thrombus into a group is of somewhat academic interest since, clinically, 
similar S3^mptoms may be produced by a pedunculated thrombus ^ of the 
heart, as well as by a large vegetation of subacute bacterial endocarditis 
protruding into the mitral orifice (Schiller;^ Schwartz and Biloon^®). 
However, these cases do seem to fall into a group by themselves, and 
probably the condition deserves to be considered as a pathologic entity. 

REPORT OF CASE 

A white woman 43 years of age was admitted Aug. 18, 1937, complaining of 
spells of vomiting after meals. The attack for which she was admitted had begun 

From the Pathologic Laboratory of Providence Hospital. 
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907 



908 


ARCHIVES OF PATHOLOGY ' 


two weeks previously. Nausea did not always precede these attacks. There was 
no pain associated with the vomiting at any time. Such spells had occurred at 
intervals of several weeks to a year for the past five years, each lasting about 
a week. One month before admission a cough developed, with expectoration, 
which gradually lessened until it disappeared two weeks before admission. There 
had been a loss of 20 pounds (9.1 Kg.) in the past two years. During the past 
few years there had been irregular attacks of asthma at any time of the year, 
which the patient associated with taking cold. The menstrual history was entirely 
normal. The patient had a child, living and well, 17 years old. The past medical 
history revealed: chickenpox, pertussis, measles and diphtheria. The family his- 
tory was negative. 

The patient was a rather emaciated white woman, who did not appear acutely 
ill. The head and neck were normal. The eyes reacted to light and accommo- 
dation. The throat was normal. The teeth were in fair condition, with several 
missing. The lungs were clear. As regards the heart, there was splitting of the 
first sound with frequent extrasj'stoles. There was slight enlargement of the 
heart. There was a sj'stolic murmur over the entire precordium. A faint pre- 
systolic or a late diastolic murmur was also believed to be present. The blood 
pressure was 120 systolic and 80 diastolic; the pulse rate, 68. The abdomen was 
somewhat retracted, and the liver was considerably enlarged but not tender. The 
diagnosis was rheumatic valvulitis with mitral stenosis and chronic gastritis. 

The hemoglobin content was 68 per cent (Dare) ; the red blood cell count, 
3,500,000; the white blood cell count, 11,000, with 87 per cent polymorphonuclears, 
11 per cent large lymphocytes and 2 per cent small lymphocytes. The Wassefmann 
and Kahn tests were negative. The Van den Bergh direct reaction was negative; 
the indirect reaction, less than 0.3 mg. per hundred cubic centimeters. 

Ten days after admission, the pulse rate began to rise and remained high, 
varying between 90 and 130 per minute. During the first five or six days the 
patient was slightly febrile, the temperature never rising over 100 F. After this, 
but for one slight rise to 99.6 F. on the thirteenth day of illness the temperature 
remained normal until the last nine days of life, when it became subnormal. The 
patient became progressively weaker; transfusion did not alter the course of 
the illness. September 15 the patient died, after two days of marked dyspnea 
and cyanosis of the lips and face. 

Postmortem Examination . — The body was that of a white woman in the fifth 
decade of life, small of stature, fairly well developed and showing emaciation of 
grade 3. The pupils were equal and slightly dilated. The abdomen was distended. 
The subcutaneous fat was fairly well preserved. The margin of the liver was 
10 cm. below the ribs in the right midclavicular line and 20 cm. below the 
xiphoid process, being displaced downward by a collection of fluid in the right 
pleural cavity. The right pleural cavity was filled with a slightly cloudy olive 
green fluid, estimated at 1.5 liters. 

The heart was enlarged, especially to the left, the apex reaching the mid- 
axillary line. The surface of the heart ■was smooth and glistening throughout. 
The tricuspid orifice admitted four fingers. The right ventricle showed definite 
hypertrophy. In handling the heart, before the left side was opened, a ball-like 
structure slipped out of the left atrium through the opening of an especially large 
pulmonary vein (fig. lA and B). This mass was almost perfectty round, 3.5 
cm. in diameter, and showed no evidence of a pedicle or of a prerious site of 
attachment. Its surface was covered with pinpoint-sized elevations, resembling 
“goose pimples,” and the color of the mass varied from yellowish to deep rose. 
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It had e%'identl 3 ' been h'ing v.-ithin the left atritnn as a free bcdj-. hen the left 
atrium vras opened, two masses of similar tissue were seen adhering flatlj- to the 
inner simface of this chamber, close to the mitral orifice (fig. 2). These masses 
were both irregular in shape; one vrzs slightl}* triangular, measuring 2 b}* 1.5 br 
1.5 cm. and haring a thickness of about 1 mm., and the other was rather square, 
measuring 2.5 by 2.5 cm. and haring a thickness of 2 mm. The latter could be 
easil}' dislodged. Both of these structures were corered by the same pinpoint-like 
derations as the ball thrombus. The mitral ralre was the seat of marked chronic 
fibrosis, due to an old rheumatic infection, which had resulted in a typical 



Fig. 1. — A, ball thrombus: Note the small pimple-like derations. The rough 
area on the side is not a pedicle but an area in which the superfidal laj'er of 
fibrin has become loosened from the mass. (The photographs are presented by 
permission of Lieut. Col. J. E. Ash, curator of the United States Arm 3 ' Medical 
Museiun.) B, ball thrombus in situ, showing how completeh' the thrombus could 
fill the mitral orifice. 

funnd-shaped ralre that would not admit the tip of a finger. The greatest 
diameter of the opening was about 1 cm. (fig. 2). The aortic ralre was normal, 
but the aorta itsdf vms markedly h 3 -poplastic, admitting only the little finger. 
The left rentricle showed no h 3 'pertroph 3 - and seemed rather small. 

Tne right lung was somewhat compressed by the collection of fluid referred to. 
Howerer. on section the tissue nas pale pink and crepitant throughout. The left 
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lung showed in the lower portion of the lower lobe a rather large area of increased 
density, which did not crepitate. On section this tissue showed a pale red area 
which was irregular, depressed and surrounded by very firm and moderately con- 
gested tissue. The upper lobe was crepitant throughout and on section was 
pale pink. 

The spleen was bound down by dense adhesions. It was slightly enlarged, 
and the lower two thirds- was the seat of an e.xtensive degenerated infarct. The 



Fig. 2. — Mitral valve. There is marked stenosis. The slitlike orifice is not 
clearl}' seen but was about 1 cm. in length. 


upper pole contained another infarction, which was small, close to the periphery 
and surrounded by firm and markedly congested tissue. 

The liver was normal in size. On section it showed the characteristic nutmeg 
appearance and was congested (grade 3). The gallbladder was considerably 
thickened and contained a small amount of dark green bile. There were no 
stones. The pancreas was normal in size but showed slight congestion. The 
adrenals were slightly pale but otherwise normal. 

The left kidney was normal in size (175 Gm.). On section the cortex was 
of average thickness. The medulla showed numerous small C 3 'stic excavations. 
The outermost portion of the cortex showed a peculiar deposit arranged in linear 
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streaking, suggestive of calcium deposits. The right kidney was replaced by a 
small cystic mass, 3 cm. in greatest diameter, which on section showed two small 
thin-walled cysts filled with clear fluid. 

The uterus was atrophic and contained no tumors. The fallopian tubes were 
thin walled and congested. The ovaries were markedly calcified and slightly 
increased in size. 

Pathologic Diagnosis. — The following conditions were diagnosed; rheumatic 
heart disease with marked mitral stenosis ; ball thrombus of the left atrium ; 
cystic degeneration of the right kidney; splenic infarction; pneumonitis of the 
lower lobe of the left lung ; chronic cholecystitis ; sclerosis of the ovaries. 

Microscopic Examination. — The examination showed slight calcium deposits in 
the renal tubules, fibrosis of the lungs with exudation of leukocytes into many 
alveoli and a few areas of perivascular fibrosis in the heart. The thrombus was 
not sectioned, as it was desired to preserve it intact. In previous cases section 
showed the thrombus to be composed of layers of fibrin, at times with a gelatinous 
core. 

A review of the literature reveals the following facts in relation to 
cases of this type: Of the 21 cases in which sex was recorded, 17 con- 
cerned females and 4 males. This is in keeping with the sex incidence 
of rheumatic infection in general. The reported ages of the patients 
ranged from 15 to 55 years. Among the females, the highest frequency 
was in the fifth decade. Among males, the age of greatest frequency 
varied from 16 to 28 years. The ball thrombus therefore caused earlier 
death in the male than in the female, probably because of the less 
sheltered life of the male. In every case mitral stenosis was present, 
and in most cases, to a marked degree. The ball thrombus was found 
in the left atrium in all but a single case.^ In this case it was found in the 
right ventricle. 

The most universal symptom was dyspnea, and in every case it was 
prominent. In most cases the shortness of breath was extreme, and in 
many cases it was the presenting symptom. Embolic phenomena were 
fairly frequent. In those cases in which an antemortem diagnosis was 
made (or considered) the most prominent clue to the diagnosis, according 
to Abramson,’- was the transient interference with the peripheral circula- 
tion. This was stressed greatly by Battistini and by Bozzolo, who diag- 
nosed the condition clinically, although in their particular cases the 
cardiac thrombi were pedunculated. This, however, does not destroy the 
value of their findings, as the signs and symptoms would be the same 
whether the thrombus was free or attached. In many cases a cold and 
mottled extremity, cadaveric in appearance, became entirely normal 
within twenty-four hours, or a pulse that was faintly perceptible or 
imperceptible returned to normal. Another rather frequent embolic 
phenomenon met with was hemiplegia occurring within one or two years 
of the fatal outcome. ' This was seen in 5 cases.’- 

Apparently the rheumatic infection responsible for the mitral stenosis 
is responsible for the fonnation of the ball thrombus also. In many 
cases an area of localized thickening was found in the endocardium of 
the left atrium. This was an irregular elevated patch, rather densely 
adherent, which could easily have been the site of origin of the nucleus 
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of the ball thrombus. After separation from this site- of origin, the 
thrombus could become spherical and coated with a smooth laminated 
covering of fibrin. 

In reviewing the cases in the literature as to symptoms and diagnosis, 
we have included certain cases in which a typical ball thrombus was not 
present but a thrombus that simulated the ball type clinically. Such 
instances are those of pedunculated thrombus of the left atrium and also 
those of certain large vegetations seen in subacute bacterial endocarditis 
involving the mitral valve. Incidentally, one of the interesting features 
of ball thrombi is that they have thus far appeared only in association 
with mitral stenosis, while pedunculated thrombi have occurred with 
other conditions, as hypertension. Of all the thrombi reported, i. e., ball 
thrombi, pedunculated thrombi and large occluding vegetations, only 11 
have been diagnosed clinically, while of the 30 ball thrombi only 4 have 
been diagnosed clinically. However, the diagnosis is becoming more 
frequent, most of the thrombi of this type which have been recorded 
having been diagnosed in the last decade. 

So, in spite of the infrequency of the diagnosis in the past, in certain 
cases the possibility that this condition is present should be at least 
suspected. Thus, according to Battistini, quoted by Abramson,^ “the 
diagnosis of thrombi of the left auricle is possible as formed by the symp- 
tomatology and reconstructed by my two cases, that is: (a) signs of 
mitral stenosis; (6) disturbance of the general circulation; (c) entire 
debility of the pulse; (d) presence of gangrene of the lower extremities; 
and also the practical importance of the pulse in the radial and other 
accessible peripheral arteries.” Later Elson,-® in presenting a new case, 
suspected before death, restated these criteria- for the diagnosis as 
follows: “. . . diagnosis is frequently impossible, but it can sometimes 
be made on the basis of (a) long-standing mitral stenosis usually with 
auricular fibrillation, and (&) widespread and transitory disturbances in 
the peripheral circulation.” In our case no suggestive sjTOptoms 
were noted. 

SUMMARY 

Another case of ball thrombus of the left atrium is reported, with a 
review of the literature, showing this to be the thirty-first case reported. 
The condition is found only in association with long-standing mitral 
stenosis. It may be suspected in a case of long-standing mitral stenosis 
with or without auricular fibrillation when widespread and transitory 
disturbances in the peripheral circulation are found. Among the latter, 
a cadaveric coldness of the extremities is prominently mentioned. 
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Until quite recently each infectious disease was generally believed 
to have a single and entirely specific etiologic agent. In fact, such a 
conception formed the basis of Koch's postulates for tlie proof of the 
causal relationship of an infectious agent to a definite disease. Rivers ^ 
has on several occasions pointed out that Koch's postulates could not be 
strictly applied to diseases caused by filtrable viruses, though even here 
tlie spirit of the postulates could be fulfilled easily enough. Rivers has 
furtliermore called attention to the fact that in certain diseases of com- 
plex etiologic background the rules set down b}' Koch were not applicable. 
It is with this group of diseases of complex cause tliat I wish to deal. 

jNIy reasons for choosing such a subject were twofold. First, it 
seemed that the topic might lend itself well to pointing out tlie fallacy 
of tliinking of infectious diseases in the old terms of Kocli’s postulates 
as im-ariably due to single agents. And second, the diseases to be con- 
sidered are probably largely unfamiliar to those whose main interests lie 
in human medicine. Thus the discussion should at least avoid the repe- 
tition of already familiar knowledge. 

Throughout tlie present paper the expression ‘'complex infection"' 
will be used to denote an infectious disease in which more than one 
agent plays an essential causal role ; the expression “etiologic complex,'' 
to denote collectively the agents causally involved. Only tliose diseases 
that have been reasonably proved to be of complex cause will be dis- 
cussed. These bear neither relation nor similarit}' to what are com- 
monli' known in medicine as mixed or complicated infections ; all occur 
under natural conditions as definite clinical entities. 

The stor}- of the development of knowledge concerning the complex 
infections is as exciting and intriguing as a detective }*am and equally 
full of fortuitous obseiwations, obscure deductions and retrospective 
simplicity’. In narrating this story I intend to consider each disease indi- 

From the Rockefeller Institute for Medical Research. 

The Middleton Goldsmith Lecture, read before the New York Pathological 
Sodetj’, Dec. 7, 1938. 

1. Rivers, T. M.: J. A. M. A. 107:206, 1936; J. Bact. 33:1, 1937. 
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vidually and to discuss the various observations and clues leading to its 
detection as a complex infection, together with the theories as to how 
the paired causative agents act in producing the disease. To facilitate 
understanding of the plan of presentation to be followed, the complex 
infections of which I shall speak are listed here, with their causative 


agents. 

Disease 

1. Blackhead of turkeys 

2. Rugose mosaic of potato 

3. Streak of tomato 

4. Swine influenza 

5. Type III cor 3 ’'za of fowl 

6. Tulip breaking 

7. Infectious myxomatosis of rabbits 


Causative Agents 
Histomonas meleagridis -f 
Heterakis gallinae 
Mottle (X) virus 4- 

vein-banding (Y) virus 
Mottle (X) virus -f- 
tobacco mosaic virus 
Haemophilus influenzae suis virus 
of swine influenza 
Haemophilus gallinarum -{- 
coccobacilliform bodies 
Tulip virus 1 -{- 
tulip virus 2 
Fibroma virus -j- 

Berry-Dedrick factor 


It is evident that these diseases are diverse both as to hosts and 
clinical types. Furthermore, the etiologic agents are a heterogeneous 
collection, ranging from viruses through bacteria to protozoa and worms. 


BLACKHEAD OF TURKEYS 

Blackhead has been defined as an infectious disease of turkeys and, 
to a lesser extent, of chickens, caused by Histomonas meleagridis. The 
pathologic alterations, which are limited mainly to the ceca and liver, are 
those of caseous necrosis. At autopsy the livers of affected birds are 
found to be markedly enlarged and spotted with multiple focal areas of 
necrosis ranging from pinpoint size to a centimeter or more in diameter. 
The cecal walls are thickened, and the cecal lumens are filled by plugs 
of necrotic caseous material. The mucosa and submucosa are inflamed 
or necrotic and desquamated. Histomonads are plentifully present in 
the cecal and hepatic lesions. 

The disease was first seriously investigated by Theobald Smith, and 
in 1895 he described as the cause a protozoan parasite, since called 
Histomonas meleagridis." The initial claim of this parasite to considera- 
tion as the etiologic agent was based entirely on the fact that it was 
uniformly present in the lesions. 

2. Smith, T. : Investigations Concerning Infectious Diseases Among Poultry, 
Bulletin 8, United States Department of Agriculture, Bureau of Animal Industry, 
1895. 
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In later years Smith and Graybill became interested in the mode of 
spread of the disease. There were a number of epidemiologic facts not 
clearly explicable on the basis of a pure histomonad infection. For 
instance, turkeys fed feces containing Histomonas meleagridis from 
infected or recovered birds not infrequently failed to acquire blackhead. 
Furthermore, though the histomonads were known to be relatively 
fragile parasites and to be incapable of sundval for long in material 
discharged from the ceca, pens in which infected turkeys had been 
kept remained infective for young turkeys long after any histomonad 
should still survive. Because of such epidemiologic discrepancies Gray- 
bill and Smidi suspected that an accessory agent might be concerned 
either in the transmission of Histomonas meleagridis or in favoring 
its invasion and multiplication in the turkey. In harmony with this 
h}'pothesis they introduced into their experiments the common cecal 
worm of poultry, Heterakis gallinae, as the possible associated factor.® 
Young disease-free turkeys were fed feces from old turkeys of a 
•flock Icnown to be infected, and with these feces were mixed cultures of 
embryonated ova of Heterakis gallinae. Blackhead developed in the 
young turkeys and all died. In a subsequent experiment Graybill and 
Smith included four groups of young turkeys. One group was fed 
turkey feces alone, one group was fed turkey feces mixed with embryo- 
nated ova of Heteralcis gallinae, a tliird group received ova alone, and 
the fourth group served as unfed controls. No clinically recognizable 
blackhead appeared in the control group or in the group fed turkey feces 
alone. In the two other groups, however, t}"pical blackhead developed in 
all the birds. From this experiment it appeared that blackhead could be 
produced in turkeys merely by feeding tliem embryonated o^'a of 
Heterakis gallinae. Further experiments both with turkeys and chicl-cens 
confirmed this obser\-ation. However, though the disease had apparently 
been induced by embr3mnated ova of Heterakis alone, at autopsy the 
lesions of the experimental birds were shown to contain Histomonas 
meleagridis. These obserrations led Graybill and Smith to the assump- 
tion that either their experimental turkeys and chickens had been healthy 
carriers of histomonads or their cultures of Heterakis gallinae had been 
contaminated by these parasites. They did not definitely choose between 
the two possibilities, though they favored the latter. At any event, they 
visualized the blackhead produced as resulting from the concerted activ- 
ity of Histomonas meleagridis and Heterakis gallinae. Supposedly, the 
larv'ae of Heterakis gallinae prepared the wa}"- for the destructive inva- 
sion of the walls of the ceca and the liver by Histomonas meleagridis. 

3. Graybill, H. W., and Smith, T.: J. Exper. Med. 31:647, 1920. Smith. T.. 
and Graybill, H. W.: ibid. 32:143. 1920. 
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But it remained for Tyzzer and Tyzzer and Fabyan to demon- 
strate the actual cooperation by which Flistomonas meleagridis and 
Heterakis gallinae produce blackhead. They experienced no difficulty 
in confirming the correctness of the observation of Graybill and Smith 
that embryonated ova of Heterakis gallinae frequently produce black- 
head when fed to young disease-free turkeys. Furthermore, by using 
great care in hatching and rearing their experimental birds they pro- 
cured 3 mung turkeys that were undoubtedly not carriers of Histomonas 
meleagridis. In such birds the embryonated ova of Heterakis gallinae 
still produced blackhead, and histomonads were present in the lesions. 
This made it seem quite clear that the ova had been contaminated by 
histomonads, but it did not indicate whether the contaminating proto- 
zoans were within the worm eggs or whether the}^ merely adhered to the 
surfaces of the eggs. The question was finally answered by some 
extremely ingenious experiments. Instead of incubating the ova of 
Heterakis gallinae in the usual way, in salt solution, the cultures were 
prepared in 1.5 per cent nitric acid. This concentration of acid was- 
sufficient to kill any adherent histomonads quite promptly, and such 
cultures after three days proved even bacteriologically sterile. It was 
clear that the procedure adequately eliminated histomonads that were 
lying external to the shells of the worm eggs. The ova were kept in 
the acid until they could be obsen^ed with the microscope to have become 
embryonated. They were then fed to young histomonad-free turkeys. 
Blackhead developed, and histomonads were observed in the lesions. 

Even more conclusive were the results obtained by feeding samples 
of heterakid material, some before and some after the eggs had become 
embryonated and hence hatchable. In these experiments the nonembry- 
onated ova failed to cause blackhead, while the embryonated ones induced 
the disease. Such results indicated that infection following the feeding 
of heterakid material was dependent on the hatching of the eggs of the 
worm in the alimentary tract of the bird. Strangely enough, Tyzzer was 
never able to see histomonads microscopically in demonstrably infective 
heterakid eggs though they have been seen in the gut of the newly 
hatched larva. 

From the observations Just summarized it seems clear that Histo- 
monas meleagridis is carried within the eggs of Heterakis gallinae and 
persists in the eggs during embr)mnation even in 1.5 per cent nitric acid. 
When the embryonated ova hatch in the alimentary tracts of the turkeys 
to which they have been fed, the young larvae penetrate the epithelium 
of the cecal glands, doubtless carrying their histomonads with them. 
Here they increase in size, damaging and separating the epithelium by 

4. (a) Tyzzer, E. E. : Proc. Soc. Exper. Biol. & Med. 23:708, 1925-1926; 
(6) Proc. Am. Acad. Arts & Sc. 69:189, 1934. (c) T 3 'zzer, E. E., and Fabj'an, M. : 
J. Exper. Med. 35:791, 1922. 
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pressure and eventually producing an inflammatory reaction. Heterakis 
gallinae thus not only serves as the intermediate host for Histomonas 
meleagi'idis but also provides it with a portal of entry by damaging 
tissues and preparing them for parasitization by this protozoan. It 
seems to me that in blackhead one has a rather good example of coop- 
erative action by two agents in producing a disease: a truly complex 
infection. 

Some objection to the classiflcation of blackhead as a complex 
infection might be raised on the ground that, as Tyzzer and his 
co-workers showed, the disease can be produced by Histomonas 
meleagridis alone if the histomonads are actually inoculated into turkeys. 
For instance, if material containing the histomonads but free from 
Heterakis is administered to birds subcutaneously, intramuscularly, 
intravenously or by rectal inoculation, blackhead is usually produced. 
These routes of infection are, however, highly artificial, and it seems 
most like!}’' that under natural conditions both Histomonas meleagridis 
and Heterakis gallinae are causally involved. 

’ It may occur to some one that if blackhead is to be considered a 
complex infection on the grounds I have just outlined, then malaria, 
yellow fever and other diseases with insect intermediate hosts should 
be classified in the same way. It is clear as to these insect-transmitted 
diseases that no infection with the specific virus or parasite would take 
place were it not for the insect intermediary which carries the agent 
and prepares a portal of entry for it in much the same fashion as 
Heterakis gallinae effects an entrance for the histomonad of blackhead. 
To me the difference lies in the fact that the insect intermediate hosts 
are free-living forms, do not themselves invade the host’s body and 
thus may not, broadly speaking, be classed as infectious agents. If 
hard pressed by argument I might admit that blacldiead may be a 
borderline example of a complex infection and less definite than some 
of the other diseases which I wish to discuss. 

RUGOSE MOSAIC OF POTATO 

The situation regarding the exact etiologic explanation of the various 
virus diseases affecting the potato plant is admittedly difficult and 
confusing. This confusion, however, is not so much concerned with 
facts as with nomenclature, and it seems established that at least 
several of the diseases of potato plants are complex virus infections. 
Only one of these, rugose mosaic, will be discussed. This disease 
is one of the more serious of those affecting American potato plants. 
Plants with rugose mosaic frequently die before the production of 
tubers, or their tubers are reduced in size. The plants themselves are 
dwarfed and curled with rugose, abnormally hair}r leaves. The lower 
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leaves generally have black necrotic veins, while the upper ones are 
mottled with light green spots. 

A thorough understanding of rugose mosaic was initiated when 
Johnson ° demonstrated the presence of a virus in apparently healthy 
potatoes of most of the standard American varieties. This virus, seem- 
ingly completely innocuous for potato plants, induced either mottling or 
ringspot lesions when transferred to the leaves of tobacco plants. It ^vas 
present, and readily demonstrable by the inoculation of tobacco plants, 
in both the foliage and tubers of the potato plants. Johnson considered 
two possible explanations for his observations: either the normal (or 
possibly abnormal) protoplasm of potatoes contained a substance capable 
of initiating a physiologic disturbance of tobacco and tomato plants 
which was of an infectious nature, or potatoes were almost universally 
infected with a virus. Subsequent work indicated that the second pos- 
sibility was the correct one. The virus has been variousl)'’ called potato 
virus X, mottle virus, healthy potato virus or latent potato virus. 

Following the demonstration of the presence of X virus in most or 
all healthy potato plants, workers in three different laboratories dis- 
covered quite independently that this virus played a causal role in 
rugose mosaic.® But associated with it in this disease was another virus, 
variously named potato virus Y, streak virus or vein-banding virus. 
Valleau and Johnson®® in their experiments separated the viruses caus- 
ing rugose mosaic, through the medium of nitrogen-starved tobacco 
plants. Smith,®® on the other hand, broke up the virus complex by 
using what he termed plant indicators and plant filters, by taking 
advantage of selective insect transmission and by utilizing the unequal 
rates of movement of the constituent viruses in the infected hosts. 
Koch ®*’>^ utilized mainly selective insect transmission in his analytic 
experiments, and his data will be largely drawn on for the present 
discussion. 

Prior to knowledge of the universal presence of potato X virus in 
healthy potato plants, Schultz and Folsom " obtained apparent trans- 
mission of rugose mosaic from potato plant to potato plant by aphids. 
Koch readily confirmed this observation, using the aphids Myzus 
persicae and Macrosiphum solanifolii. 

It was further known that when material from potato plants 
infected with rugose mosaic was transferred by inoculation to tobacco 

5. Johnson, J. : Transmission of Viruses from Apparently Healthy Potatoes, 
Research Bulletin 63, University of Wisconsin, Agricultural Experiment Station, 
1925. 

6. (o) Valleau, W. D., and Johnson, E. M. : The Relation of Some Tobacco 
Viruses to Potato Degeneration, Bulletin 309, University of Kentucky, Agricultural 
Experiment Station, 1930. (&) Koch, K. : Science 73:615, 1931. (c) Smith, K. 
M. : Proc. Roy. Soc., London, s.B 109:215, 1931. (d) Koch, K. : Phytopathology 
23:319, 1933. 

7. Schultz, E. S., and Folsom, D. : J. Agric. Research 25:43, 1923. 
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plants s}nnptonis of spot necrosis appeared on the tobacco leaves. When, 
hovever, aphids were used in attempting to transmit rugose mosaic from 
the potato to the tobacco plant, the lesions produced on the tobacco 
plants bore no resemblance to the spot necrosis caused by mechanical 
inoculation. Instead, the tobacco plant showed faint S}Tnptoms of quite 
another t}'pe — ^mainly, clearing along the leaf veins and general flatten- 
ing of the plant. This mild disease transmitted to tobacco plants by 
aphids that had fed on potato plants infected with rugose mosaic proved 
readih' transmissible in series in tobacco plants, and the agent responsi- 
ble for it was shown to be a virus. Because of the character of the 
disease which this wrus caused in tobacco plants it was called, by 
Valleau and Johnson, vein-handing virus, a name also adopted by Kocli. 

The discrepancy between the types of disease produced in tobacco 
plants by mechanical inoculation and aphid transmission suggested that 
two distinct wruses might he associated with the potato disease. From 
the experiments cited it appeared likely that both of these possible 
viruses were readily transmissible by artificial methods of inoculation, 
while only one of them, namely, the vein-banding wrus, was trans- 
missible by aphids. The nature of the other virus involved was sug- 
gested by the obsen^ation, mentioned earlier, that rugose mosaic was 
readily transmissible from potato plant to potato plant by aphids. Since 
these insects could apparently transmit the complete disease from 
potato plant to potato plant but only the vein-banding virus from potato 
plant to tobacco plant it seemed obwous that they were transmitting 
only vein-banding wrus in both cases and that the h}q)Othetic second 
virus must be one normally present in the potato plant. Knowledge of 
the ubiquity of Johnson’s mottle, or potato X, virus in healthy potato 
plants suggested it as the second ^drus in tlie complex, and in a series 
of subsequent experiments the correctness of tliis suggestion was proved. 
When pure samples of mottle and of vein-banding virus were mixed 
and transferred to tobacco plants, sjnnptoms of spot necrosis like that 
caused by rugose mosaic material resulted, though the individual wruses, 
inoculated separate!}', produced respectively only symptoms of mottle 
or of vein banding. Furtliermore, apparently health}’- potato plants 
known to be carriers of virus X showed rugose mosaic after inocula- 
tion witli vein-banding virus alone. The experiment crucial to proof 
was done with seedling potatoes that were demonstrably free from 
wrus X. In this experiment one group of seedling potatoes were inocu- 
lated with vein-banding virus alone, one group with a mixture of vein- 
banding and potato X virus and a third group witli rugose mosaic 
material. The first group, receiving vein-banding wrus alone, remained 
free from rugose mosaic, though a slight rugosity and mottling of the 
upper leaves occurred. The second and third groups, inoculated respec- 
tively with a mixture of vein-banding and X virus and with rugose 
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mosaic material, presented symptoms of rugose mosaic. Such experi- 
ments clearly demonstrated the complexity of the etiologic background 
in rugose mosaic of potato. 

No explanation of the mechanism by which the two viruses supple- 
ment one another in rugose mosaic has been advanced, but it seems. to 
be generally assumed that their destructive effect on the plant is an 
additive one. With the X virus as widely distributed in potato plants as 
it is in this country, only the vein-banding virus need be transmitted from 
plant to plant during an epiphytotic. Thus this particular disease, though 
it is in fact a complex infection, appears from an epidemiologic stand- 
point to be a simple infection, and, were it not for the universal presence 
of the symptoniless infection with X virus, the changes produced would 
be so mild as to attract little attention. Rugose mosaic of potato serves 
as an admirable example of a severe and serious disease caused by the 
concerted activity of two mild infectious agents. 

It is interesting to speculate on the state of knowledge had it hap- 
pened that the potato X virus was strictly species specific and infectious 
onl}'’ for the potato plant. Its presence would probably never have been 
detected, and rugose mosaic would have been considered, on all experi- 
mental grounds that could be applied, as a simple infection caused by 
tlie vein-banding virus alone. 

STREAK OF TOMATO 

The tomato plant has a number of virus diseases, both simple and 
complex, and I should like to discuss briefly one of the complex type 
which is known as streak. This is one of the more serious diseases of 
the tomato plant, though fortunately it is not extremely prevalent. The 
characteristic symptoms are necrotic lesions on stem, leaves and fruit. 
The lesions on the stem take the form of dark longitudinal streaks, and 
the stem itself is brittle and easily broken. The leaves show necrotic 
spots and patches which gradually enlarge, shriveling the leaves. On 
affected fruits rounded or irregular sunken blotches may occur. Young 
plants are usually killed by the disease. 

Suspicion that tomato streak might be a complex infection seems to 
have been first aroused by the work of Johnson ® with the X virus of 
the healthy potato plant. During the course of that work he had occa- 
sion to inoculate tomato plants witli a mixture of his potato X virus and 
tobacco mosaic virus. The resulting disease was much more severe 
than that caused by either virus alone and sometimes killed the plants. 
The following year Vanderpool ® made the significant observation that 
if streak material was dried from two to nine months and then inoculated 
into tomato plants it no longer produced streak but onl}'^ symptoms of 


S. Vanderpool, T. C. : Phj’-topathology 16:311, 1926. 
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mosaic disease. He thus demonstrated that a strain of tobacco mosaic 
virus had been present in his original streak material but that the pro- 
longed drying had destroyed some other factor essential to the production 
of streak. Acting on the suggestion furnished by Johnson’s experiments, 
Vanderpool explored the possibility that the agent destroyed by pro- 
longed drying of his streak material had been a potato virus. He 
inoculated tomato plants with a mixture of tobacco mosaic virus and 
potato mosaic virus and obtained what appeared to be typical streak. 
Stover ” showed that tomato streak was produced in plants inoculated 
with mixtures of tobacco mosaic virus and material from any one of 
a number of potato diseases as well as with juice from apparently healthy 
potato plants, vdiile Blood induced streak in tomatoes by inoculating 
with mixtures of tobacco mosaic virus and juice from healthy potato 
plants. In view of the ubiquity of the healthy potato virus it seems 
entirely probable, as Valleau and Johnson pointed out, that the potato 
plants used in all of the experiments cited contained the healthy potato 
virus. 

In analyzing the etiologic data in two naturally occurring epiphy- 
totics of tomato streak, Valleau and Johnson and Jones found 
that each was caused by the combined activity of healthy potato virus 
and tobacco mosaic virus. It seems established, then, that tomato 
streak is a complex infection in which the causative agents are X virus 
of potato and mosaic virus of tobacco. Either virus alone produces 
rather mild symptoms in the tomato plant; the combination causes a 
severe and frequently fatal disease, the symptoms of which are dis- 
tinctive. The effect of the two viruses, as in the case of rugose mosaic 
of potato, is supposedly an additive one. The disease senses as an 
example of a complex infection in which both causative agents are 
normally parasitic on hosts other than the one they attack concertedly. 

SWINE INFLUENZA 

Swine influenza may be deflned as a highly contagious acute respira- 
tory disease caused by H. influenzae suis and the virus of swine 
influenza. 

The clinical and pathologic features of the disease will be sum- 
marized briefly. Its onset is sudden and the morbidit}^ in an affected 
herd high: practically all animals under 1 year of age become sick. 

9. Stover, W. G. : Phytopathology 18:154, 1928. 

10. Blood, H. L. : Phytopathology 18:311, 1928. 

11. Valleau, W. D., and Johnson, E. M.: (o) Phytopathologj' 20:831, 1930 • 
(b) 21:1087, 1931. 

12. Jones, L. K. : Phytopathology' 22:999, 1932. 
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Fever, anorexia, prostration of an extreme type, cough, leukopenia 
and rapid respiration of a peculiar abdominal type are salient features. 

The period of illness is short, var3dng from two to six days, and if the 
disease is uncomplicated recovery is almost as sudden as the onset. 
The mortality usually ranges from 1 to 4 per cent. Autopsy on from 
the third to the fifth day of illness reveals a mucopurulent bronchitis and 
bronchiolitis and an atelectatic pneumonia variable in both amount and 
distribution but not infrequentl)'- involving portions of as many as five 
of the seven lobes. The pneumonic areas are purplish red, depressed, 
firm and leather}^ while the adjoining lung tissue is emphysematous, 
exaggerating the depressed appearance of the involved portions. In 
fatal cases there is, in addition, diffuse bloody pulmonai*}’- edema. 

The late Dr. Paul Lewis and I began our Avork on swine influenza 
during the epizootic Avhich occurred in the autumn of 1928. We 
obtained from loAva two strains of infectious material in the form of 
diseased lung and bronchial exudate and both of these strains proved 
readily transmissible to experimental swine b}’’ nasal inoculation.^^ The 
experimental disease faithfully reproduced that seen naturalh’’ in the 
field, and Avas maintained in SAA’ine by serial nasal passage at three or 
four day intervals or by contact in the pen. At autopsy the respirator}' 
tracts of these experimental SAA'ine Avere studied bacteriologically in the 
hope that Ave might learn the cause of the disease. This bacteriologic 
iiiA'estigation reached an exciting stage promptly, for from the first 
passage SAA'ine inoculated Avith each of our strains of SAvine influenza 
material there Avas isolated, in pure culture, an organism similar if not 
identical to Pfeiffer’s Haemophilus influenzae. The same bacterium 
Avas isolated thereafter from all SAvine infected in later passages Avith 
either strain of the disease, proA'ided they came to autopsy Avithin seven 
days after the onset of fever. Frequently no organism other than this 
influenza bacillus-like bacterium could be recoA'ered from the lungs 
or the bronchial exudate of infected animals. Because of the similarity 
of our bacterium to Pfeiffer’s bacillus and because of its constant 
association AA'ith SAvine influenza Ave called it Haemophilus influenzae 
suis.^^ Prejudiced perhaps, at the time, by our inclination to aucav 
Pfeiffer’s bacillus as the most likely claimant for consideration as 
the cause of human influenza, aa'c felt quite couA'inced from our findings 
Avith H. influenzae suis that this bacterium AA'as the cause of SAvine 
influenza. In the numerous cases in Avhich it Avas the only organism 
that could be isolated there Avas no choice but to consider it of etiologic 
importance, unless Ave Avished entirely to deny it a role in the disease. 


13. Shope, R. E.: J. Exper. Med. 54:349, 1931. 

14. Lewis, P. A., and Shope, R. E.: J. Exper. Med. 54:361, 1931. 
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It was, of course, obvious that if H. influenzae suis was actually 
the cause of swine influenza it should fulfil Koch's postulates. The 
first pig inoculated intranasally with what we believed to be a pure 
culture became ill. The lesions produced were similar to those of 
swine influenza, and the organism was recovered in pure culture from 
the respiratory tract. This apparently positive result of our experiment 
with H. influenzae suis, coming when it did, was unfortunate, because 
it made us more certain than ever that we were dealing with the causa- 
tive agent of swine influenza and quite effectiveK closed our minds 
for the time to other possibilities. The experiment was, of course, 
repeated in a second pig, but no illness resulted and at autopsy the 
animal was nonnal. Four other pigs inoculated intranasall)* with pure 
cultures likewise remained normal, and we began to wonder a little 
about our positive result. Even now, there is no certain explanation 
of that first experiment, provided indeed the animal had influenza as 
was believed at the time. We considered the possibility that H. 
influenzae suis might be one of those organisms that lose virulence 
rapidly when maintained on artificial culture mediums and spent the 
remainder of our first year tr)'ing to discover the cause of its loss of 
this h}-pothetic pathogenicity. All of these experiments gave negative 
results, which only supported our growing suspicion that H. influenzae 
suis was not the cause of swine influenza. 

The following year four fresh epizootic strains of swine influenza 
were obtained from Iowa and transmitted to our experimental swine, 
and again H. influenzae suis was regularly encountered in animals ill 
of tlie experimental disease. In addition, the organism was isolated 
from 6 animals affected with the disease in the field — all that were 
studied bacteriologically. None of these newly isolated strains, how- 
ever, possessed even the slightest pathogenicity for swine. In 1930 
two new strains of swine influenza were obtained in Iowa. These 
proved readil}' transmissible, and again H. influenzae suis was the pre- 
dominant or only organism that could be cultivated, but all efforts to 
produce the disease with the new cultures were unsuccessful. We were 
by now read}’- to abandon H. influenzae suis as the cause of swine 
influenza. 

During the first year’s work a few attempts to infect swine with 
sterile Berkefeld filtrates of known infectious material had been made. 
No illness remotely resembling swine influenza had resulted, and the 
results were considered negative. By 1930, when H. influenzae suis 
had failed so completely to fulfil the requirements of an etiologic agent, 
we were again ready to consider the question of a Aurus as the causative 
factor. 

Swine were inoculated intranasally with Berkefeld V or N filtrates 
of lung and bronchial exudate suspensions, known to be infectious and 
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autopsies were made in four or five days. Of 10 experiments, 3 were 
interpreted as giving negative results, while in the remaining 7 some 
evidence was obtained that the injected filtrate had contained an infec- 
tious agent. The illness induced by this filtrable agent was definitely 
not swine influenza and — for want of a better name — was designated 
filtrate disease.^® Subsequent investigation has shown that the filtrable 
agent possesses all the properties requisite for classification as a virus. 

Clinically the filtrate disease is much milder than swine influenza, 
and sometimes it is so ill defined that infections are difficult to recog- 
nize. In most cases there is no elevation in temperature, while in a 
few a fever for one day is observed. A moderate and transient apathy 
and some diminution in appetite are the usual symptoms shown. The 
extreme prostration and the various signs of extensive involvement of 
the respiratoiy tract so common in swine influenza are not seen. 

At autopsy the lesions are slight as compared with the four and five 
lobe pneumonia of swine influenza. The lungs show only a scant, scat- 
tered, patchy lobular atelectasis, involving as a rule not more than small 
portions of one or two lobes. 

After the establishment of the presence of a filtrable virus in swine 
influenza, the situation as to the cause of the disease itself became even 
more confused than it had been when H. influenzae suis was suspected. 
Here, instead of one agent that could be looked on as of possible 
etiologic importance, were two such agents. The bacterium could not 
be completely ignored, for while it had proved apparently perfectly 
harmless for swine, its constant presence in so many samples of infec- 
tious material from the field and its persistence on serial passage through 
experimental swine kept attention focused on it. Neither could the 
filtrable virus be accepted as the cause of the disease without reservation, 
because, while it unquestionably possessed pathogenic properties for 
swine, the mild illness that it caused was certainly not swine influenza. 
Considered in the light of the current conceptions of Koch’s postulate 
that an infectious disease is caused b}'^ a single agent, it appeared that 
we had reached a point in our experiments where one too many were 
under suspicion. It seems obvious now that our data should at once 
have suggested that we were dealing with a complex infection. How- 
ever, at the time that we were facing the incongruity of our results, the 
complex natures of the two plant diseases discussed earlier were not 
yet fully established, so that it was a little revolutionary even to con- 
sider the idea that two infectious agents might be required to cause a 
single infectious disease. But unlikely as the possibility seemed it 
was tested by inoculating a pig intranasally with a mixture of H. 
influenzae suis and the virus. The animal came down with swine influ- 


15. Shope, R. E.: J. Exper. Med. 54:373, 1931. 
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enza. With this lead a number of further experiments were carried out, 
and in these the effect of the virus alone and of the bacterium alone were 
carefully controlled. The results in all were the same: swine receiving 
H. influenze suis alone remained normal clinically and were normal at 
autopsy; swine receiving virus alone acquired only the mild filtrate 
disease; those receiving mixtures of H. influenzae suis and the virus 
presented characteristic swine influenza. From these experiments it 
was evident that swine influenza is a complex infection caused by the 
concerted action of H. influenzae suis and swine influenza virus.^° 

The cooperative mechanism by which the two agents act in causing 
swine influenza is not definitely known. It seems likely, though, in view 
of the apparent complete harmlessness of the bacterium alone, that the 
virus, in damaging the respiratory epithelium as it does, creates both a 
portal of entry and a favorable medium for the bacterium. Endowed 
with the invasive assistance of the virus, H. influenzae suis probably 
behaves in the swine respiratory tract in much the same fashion as 
might another bacterium possessing invasive properties by its own 
right. That the assistance is not entirely one sided, however, is indi- 
cated by consideration of the histology of the disease. Lesions clearly 
bearing the imprint of virus activity are much more extensive in swine 
influenza than they are in filtrate disease, indicating that the patho- 
genicity of the virus is enhanced by the concomitant presence of the 
bacterium. From this it appears probable that swine influenza repre- 
sents a synergistic complex infection in which each agent enhances in 
some way the pathogenicity of the other. 

TYPE III CORYZA OF FOWL 

Under natural conditions the domestic fowl is subject to an uncom- 
plicated coryza, not unlike the common cold of man, in which the 
inflammatoi'y reaction is limited to the mucosa of the nasal passages 
and the communicating portions of the orbital tract. A unilateral or 
bilateral mucopurulent nasal discharge is the salient observable feature. 
Nelson classified the disease into three types on the basis of length 
of incubation period and duration of coryzal signs. Type I has a short 
incubation period of from one to three days and a short duration of 
two weeks or less. Type II has a long incubation period of from nine 
to thirty days and a long duration of two months or more. Type III 
has a short incubktion period, like type I, and a long duration, like 
type II. Early in his work Nelson suggested tentatively that coryza III 
was the basic form of the disease and that coryzas I and II were variants 
which tended to revert to it with continued passage through susceptible 
fowl. This suggestion was not entirely borne out when the causative 


16. Nelson, J. B.; J. Exper. Med. 58:297, 1933. 
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agents of each type were finally determined. While only coryza III 
has proved to be a complex infection, it is necessary for clarity that 
the other two types be brought into the present discussion. 

The causative agent of coryza I was the first to be discovered. It 
proved to be a hemophilic bacillus of very fastidious growth require- 
ments and was named Haemophilus gallinarum. In pure cultures it 
reproduced quite faithfully the characteristic features of cor3^za I in 
fowl. H. gallinarum was also regularly present in the exudate from 
fowl with type III coryza, but pure cultures which had been isolated 
and transferred a few times on artificial mediums before testing in 
fowl failed to reproduce the type III disease. Instead they caused only 
coryza like type I. The relation of H. gallinarum to coryza of type III, 
with which it was always associated, was thus not very clearly defined. 
However, it was known that birds which had recovered from infection 
with H. gallinarum acquired coiyza of slow onset and long dura- 
tion when inoculated with exudate from fowl which had coryza III, 
and that H. gallinarum did not become established in their nasal pas- 
sages. This modified coryza III in haemophilus-immune birds thus 
resembled coryza II both clinically and with respect to the uniform 
absence of H. gallinarum. Subsequently Nelson found that coryza II 
was caused by a minute gram-negative unclassified agent that he has 
termed the coccobacilliform bodies.^® The discovery of the cause of 
coryza II immediately suggested the possibility that coryza HI might 
be a complex infection and have as its causative factors the agents 
separately responsible for coryzas I and H, namely, H. gallinarum 
and the coccobacillifonn bodies. The first actual demonstration of the 
presence of the coccobacilliform bodies in coryza HI was effected in 
a group of 5 birds that had recovered from infection with H. gallinarum 
and subsequently were inoculated with coryza III exudate.^® In these 
birds, after a long incubation period coryza like type II developed, and 
coccobacilliform bodies were demonstrated in all. From one of the birds 
the bodies were isolated in pure form in tissue culture. This strain, 
though deriving originally from coryza III material, was essentially the 
same as strains isolated from coryza II material. 

It was now established that exudate from birds infected with 
coryza III contained both H. gallinarum and the coccobacilliform 
bodies. It could be demonstrated, moreover, that both agents were 
present throughout the entire course of the disease.* This observation 
was contrar}'- to the accustomed behavior of the two agents when injected 
in- pure culture. The coccobacilliform bodies had seldom been demon- 

17. Nelson, J. B. : J. Exper. Med. 58:289, 1933; footnote 16. 

18. Nelson, J. B.: J. Exper. Med. 63:515, 1936 ; 64:749 and 759, 1936. 

19. Nelson, J. B.: J. Exper. Med. 67:847, 1938. 
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strable before the tenth day, Avhilc H. gallinavum had seldom main- 
tained an existence in the host for longer than two weelcs. 

The question of a complex etiologic background of type III coryza 
was finally settled by inoculating birds with mixtures of pure cultures 
of H. gallinarum and the coccobacilliform bodies. In these experiments 
the infectivity of each component alone was also controlled. In all the 
birds inoculated with the mixtures a type III coryza developed, of short 
incubation period and long duration, and both agents were regularly 
demonstrable throughout the course of the disease. In birds infected 
with the two components separateh’- coryza I developed when the}' had 
received H. gallinarum. and coryza II when the}- .had been given the 
coccobacilliform bodies. It is clear from the experiments outlined that 
the combined action of the two infective agents adequately accounts for 
the cause of type III coryza. 

Nelson is of the opinion that H. gallinarum and the coccobacilliform 
bodies when present together in the nasal passages of the host cooperate 
in producing an effect that neither is able to accomplish alone. It is 
clearly a synergistic or, in the older sense (since both agents benefit 
by the association), a symbiotic reaction. The rapidly multiplying H. 
gallinarum creates a favorable environment for the immediate develop- 
ment of the coccobacilliform bodies. The latter, evidently by reason of 
their tendency to persist in the host, prolong the residence of H. 
gallinarum.^^ 

TULIP BREi\KING 

Tulip breaking is one of the rare diseases in which the infected host 
is improved from a commercial and esthetic point of view. The chief 
symptom develops in the flowers : these, instead of being the usual solid 
color, become beautifully variegated, striped and mottled. This change 
in the flower’s color is due to segregation of the anthocyanin pigment in 
the epidermis of the petals as fine featherings about the margin or 
in irregular stripes up the middle of each segment. Between these 
brightly colored streaks appear patches of more or less clear ground 
color, usually yellow or white. In addition to the flower symptoms, 
some tulip varieties show striping or mottling of the leaves. 

Tulip breaking has been quite generally considered, in recent times 
at least, to be caused by a virus, and it has long been known to be 
readily transmissible by inoculation. Certain aspects of the disease, 
however, suggested to jMcWhorter that it was not a simple infection. 
For instance, in natural spread tests great variation in the types of breaks 
occurring Avere noted ; the flowers of some infected plants were 
extremely dark, while those of other infected plants were very light. 
These two types of disease manifestation tended to be maintained in 
subsequent serial passage to normal tulips. Then, too, in some typically 
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“broken” clumps of tulips, distinctly darker ,or lighter flowers might 
appear at the margins of the clumps. This observation suggested to 
McWhorter that the light and dark “breaks” might be accounted for 
by two viruses which move at unequal rates through clumps and hence 
induce different symptomatic expressions in different shoots of the 
same clump. He therefore advanced the theory that tulip breaking, as 
it occurs naturall}'^, results from the action of two viruses. One of 
these viruses carries a color-adding factor and produces no visible effect 
on leaves ; the other removes flower color and strongly stripes the leaves. 

In subsequent work JMcWhorter proved the correctness of his the- 
ory by segregating each of the viruses, by studying their separate activi- 
ties in tulips and by demonstrating that known mixtures of the two 
produced typical breaks."^ The two viruses in pure form cause singularly 
distinct symptoms. The color-removing virus (tulip virus I) inhibits 
chlorophyll formation, greatly restricts growth and is directly responsi- 
ble for the recognition of tulip breaking as a disease. It is an extremely 
lethal virus, and in McWhorter’s experience all plants infected with it 
in pure form died out during the season in which they exhibited symp- 
toms. The color-adding virus (tulip virus II), on the other hand, has 
no effect on the ground tissue of the flower or on the ground color, 
stimulates epidermal pigmentation, has no visible effect on the leaves 
and has little effect on growth. It is not a lethal virus. Mixtures of 
the two viruses in the proper proportions reproduce faithfully the true 
picture of tulip breaking. The correct proportions are, however, definite 
within quite narrow limits. If the proportions found necessary by 
McWhorter are true criteria, a typical break may be considered an 
expression of viruses I and II in which the concentration of the color- 
adding II is at least ten times that of the color-removing I. Mixtures 
in these proportions appear to be physiologically balanced, and virus II 
prevents the lethal and growth-inhibiting effect of virus I. Because 
of this inherent antagonism between the two naturally associated 
viruses, McWhorter has applied the term “antithetic” to describe their 
mutual relationship in the production of tulip breaking. Tulip breaking 
thus differs from the other complex infections already discussed, in 
which the end results were achieved by additive effects of the two 
agents. 

INFECTIOUS MYXOMATOSIS OF RABBITS 

Infectious myxomatosis may be defined as an acute, highly infec- 
tious, very fatal disease of rabbits caused by Virus myxomatosum. Its 
salient observable features are hyperemic, edematous, myxomatous 
swellings at the site of inoculation followed by similar swellings at all 

20. McWhorter, F. P. : Ph 3 'topathology 22:998, 1932. 

21. McWhorter, F. P. : Phytopathology 25:254, 1938. 
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mucocutaneous junctions. Death ensues as a rule in from eight to 
twelve days after inoculation. Recoveries are almost unknown. 

Many will doubtless consider that infectious m3^xoinatosis has little 
claim to inclusion in a discussion of complex infections. However, the 
disease bears certain similarities to known members of that group, 
and I am including it in order to point out these resemblances. 

Several years ago infectious fibroma \yas observed occurring 
naturally in wild cottontail rabbits. The causative virus proved readity 
transmissible to laboratory rabbits and in them produced a local swelling 
at the site of inoculation, comprised largely of young connective tissue 
cells and resembling the growths occurring naturally in the cottontail 
rabbits.-- The disease was named infectious fibroma, and the causative 
agent became known as the fibroma virus. In domestic as well as in 
cottontail rabbits the disease was entirely benign. There were no gen- 
eral signs of illness ; the sole effect of the virus was the production of a 
fibromatous swelling at the site of inoculation ; and the disease was not 
contagious. In all of these respects infectious fibroma differed markedly 
from infectious myxomatosis, which was highly fatal, highly conta- 
gious and characterized by occurrence of metastatic lesions at all 
mucocutaneous junctions. The fibroma did, however, bear a superficial 
resemblance to the local lesions produced by myxoma virus in that 
young connective tissue cells formed the bulk of both growths. Because 
of this superficial similarity, the possibility of an immunologic rela- 
tionship between the causative agents of the two diseases was 
considered. 

Domestic rabbits that had recovered from fibroma were inoculated 
with myxoma virus. In some of these only a localized myxomatous 
swelling developed at the site of inoculation, and there were none of 
the general symptoms of myxomatosis. In others a disease developed 
that clinically looked like true myxomatosis but differed in that the 
animals recovered. A veiy few of the rabbits which had recovered 
from fibroma died of myxomatosis.-® It was clear from such results 
that previous infection with fibi'oma virus usually made rabbits quite 
highly resistant to myxoma virus. That this resistance was not of the 
same categoiy as the cross immunity produced by two identical viruses 
for one another was indicated by the fact that rabbits which had recov- 
ered from fibroma almost always acquired lesions and signs of myxoma- 
tosis; they were incapable of destroying injected myxoma virus, and 
their serum did not neutralize myxoma virus sufficiently to prevent 
death, though Berr}'- and Lichty subsequently showed that the serum 


22. Shope, R. E.: J. Exper. Med. 56:/'93, 1932. 
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of such rabbits does prevent the appearance of local myxomatous 
lesions. The relationship in the reverse direction was that of a true 
cross immunity, for rabbits which had I'ecovered from myxoma were 
solidly immune to fibroma; they inactivated injected fibroma virus, and 
their serum neutralized fibroma virus. The conclusion was drawn that, 
though the fibroma and myxoma viruses were immunologically related, 
they were not identical vinises and fibroma virus did not constitute 
merely a mild strain of the myxoma agent."^ 

Rather it seemed that the differences could be explained best on 
the basis of partial duplication of the antigenic components comprising 
the two viruses, the myxoma virus containing all the components found 
in the fibroma virus but the fibroma virus being antigenicall}’- only a 
partial replica of the myxoma virus. In line with this explanation the 
possibility was considered that the agent so long known as Virus 
myxomatosum might be, as Rivers had, on other grounds, previously 
suggested, actually composed of more than one virus. The immunologic 
relationships between the fibroma and m3fxoma viruses were in accord 
with the possibility that Virus m)ocomatosum might be composed of 
fibroma virus and some other perhaps hitherto unknown virus. Such 
an explanation would adequately explain why Virus myxomatosum 
immunized completely against fibroma virus, one of its components, 
while the fibroma virus, being but a part of Virus myxomatosum, gave 
correspondingly only partial immunization. 

In an effort to demonstrate this hypothetic comple.xity in Virus 
myxomatosum, serial passage of the virus through hosts that conceiv- 
ably might favor survival of one or the other component was conducted. 
It was reasoned that, since fibroma virus had come originally from 
wild cottontail rabbits and was apparently a natural pathogen for this 
species, it might be segregated and obtained pure by the serial passage 
of Virus myxomatosum through cottontail rabbits. In like manner, it 
seemed possible that serial passage of Virus myxomatosum through 
fibroma-immune rabbits might result in the survival of onl}^ the hypo- 
thetic second virus. However, both sets of experiments 3delded onl3’’ 
unaltered Virus myxomatosum,^® and no experimental evidence was 
obtained to support the suspicion that Virus myxomatosum might be 
a virus complex. 

But Berr3'- and Dedrick were more successful in demonstrating 
the complexity of AT’ii-us m3'^xomatosum, though they visualized this 
complexity in a light quite other than that outlined in the preceding 
paragraph. They considered the possibility that the fibroma and 

25. Rivers, T. M. ; Proc. Soc. Exper. Biol. & Med. 24:435, 1926-1927. 
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myxoma viruses might be but diffei'ent strains of one basic virus and, 
if this vere the case, might be amenable to transformation in a manner 
similar to that employed by Griffith with pneumococcic types. 

The method they emplo 3 ’ed consisted in inoculating domestic rabbits 
with a mixture of active fibroma virus and heat-inactivated myxoma 
virus. In animals inoculated with such mixtures myxomatosis devel- 
oped that was typical in all respects. This result, startling as it seems, 
can be duplicated readily, and neither Hurst nor I have experienced 
any difficulty in repeating the experiments. In perfonning a trans- 
formation experiment the myxoma virus may be heated in sealed tubes 
for thirty minutes at an}' temperature between 60 and 75 C. Even the 
lowest temperature used is several degrees above that required to destroy 
the infectivity of myxoma virus. The heat-inactivated myxoma virus is 
then mixed with a small amount of active fibroma virus before injection 
into test rabbits. Typical myxoma virus, readily transmissible in series 
and with all its killing propensities intact, is recoverable from the inocu- 
lated rabbits. The disease that this transformed virus causes bears no 
more resemblance to infectious fibroma than did the original myxoma- 
tosis from which the virus for heating was derived. 

The experiments of Berry and Dedrick have been extremely pains- 
takingly controlled, and it seems impossible that the result is explain- 
able on the basis of survival of traces of active myxoma virus in their 
heated material. Furthermore, it appears unlikely that the thermostabile 
component of myxoma virus is itself a virus as one usually thinks of 
such an agent, because alone it produces no signs of infection in rab- 
bits, it confers not even partial immunity to myxomatosis, and it does 
not, of itself, multiply in the rabbit. Berry and Dedrick have not yet 
expressed their own views as to the nature of the transforming agent, 
though in a preliminary publication they have suggested that it may lend 
virulence to fibroma virus in a manner analogous to bacterial haptens. 
Whatever its nature, however, it seems established that tthe Berry- 
Dedrick factor, in conjunction with the benign fibroma virus, causes a 
disease that is unsurpassed among infectious maladies for pathogenicity 
and deadliness. The factor may yet prove to be viral in nature, pecu- 
liar only with regard to its high thermal inactivation point and its 
requirement of the concomitant presence of fibroma virus for multipli- 
cation within the rabbit host ; and it does multiply, because, once estab- 
lished, it is indefinitely transmissible in series. 

This completes my consideration of the complex infections, and in 
concluding I should like to emphasize two of the features of their 
causative agents that were not stressed earlier. The first concerns the 

28. Griffith. F.: J. Hyg. 27:113, 1928. 
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frequent extreme mildness of one or both of the agents when acting 
individually. In rugose mosaic of potato, for instance, an infection of 
potatoes with either the mottle or the vein-banding virus alone would 
attract little or no attention; and in swine influenza the bacterial 
component alone causes no recognizable illness, while the virus alone 
produces only an extremely mild disease. The combined effect, in all 
cases except tulip breaking, far exceeds that to be expected from the 
known activities of the agents singly. The second feature to be stressed 
concerns the occasional high pathogenicity of one of the components of 
an etiologic complex for another host. In tomato streak, for instance, the 
tobacco mosaic virus component alone may cause serious disease in 
tobacco ; while in swine influenza the virus component alone will produce 
serious and sometimes fatal pneumonia in ferrets and regularly fatal 
pneumonia in white mice. If one wished to expand on the possible 
implications of these two features of the agents involved in the complex 
infections, one could readil}’’ speculate that they might have an important 
bearing with regard to the future appearance of new diseases of either 
simple or complex etiologic background. For instance, there is no way 
of knowing what a congregation of latent and, alone, impotent agents 
may be lurking about, awaiting only the addition of another mild agent 
to cause serious disease. Neither can it be foretold when one of the 
mild agents of a complex will forsake its partner and take up residence 
alone in a host for which it is highly pathogenic. But these possibilities 
are purely speculative. 

Another fact of considerable interest that was not emphasized is 
that in the case of each one of the seven diseases discussed a simple 
“one agent” causation was in the beginning considered probable or 
proved. Some minor discrepanc}’- or fortuitous observation led even- 
tually to the discover}^ that two agents were involved. This seems to 
indicate that those who are studying infectious diseases are thinking 
largely in terms of one instead of two causal agents. The}' are still 
under the influence of the spirit of Koch’s postulates and find it diffi- 
cult to abandon even occasionally the concept that for each infectious 
disease there must be a single specific etiologic agent. If there is any- 
thing at all to be learned from present knowledge of the complex infec- 
tions, it is that an infectious agent must fully explain and account for 
all of the features of a disease Avith which it is associated before it 
is accepted as the sole cause of that disease. Investigators must think 
more often in terms of tAvo factors if they are to gain full understand- 
ing of all the infectious diseases. 



Notes and News 


University News, Promotions, Resignations, Appointments, Deaths, 
Etc. — Marcos Fernan-Nunez, professor of pathology' and bacteriology in Mar- 
quette University, ]\Iihvaukee, is now chairman of the cancer committee of the 
State Medical Society of Wisconsin. 

Julius !M. Rogoff, visiting professor of physiologj’ in the University of Chi- 
cago, has been appointed professor of endocrinology in the University of Pittsburgh. 

C. H. Andrewes, pathologist, National Institute for !McdicaI Research, and 
H, M. Turnbull, professor of morbid anatomy, London Hospital, have been 
elected fellows of the Royal Socictj'. 

William H. Park, director of the laboratories of the New York City Health 
Department from 1894 until his retirement in 1936, has died, aged 76 years. 

William C. Thro, professor of clinical pathology at Cornell University Medical 
College from 1918 to 1937, has died at the age of 64 years. 

Maurice N. Richter, since 1928 assistant professor of pathology in the College 
of Physicians and Surgeons of Columbia Universitj', has been promoted to a 
professorship and appointed executive officer of the department of pathology in 
the New York Post-Graduate jMedical School and Hospital. 

Robert A. Moore, assistant professor of pathologj" at the Cornell University 
Medical College, New York, has been appointed professor of pathology at Wash- 
ington University, St. Louis. 

Alfred Stengel, vice president in cliarge of medical affairs of the University 
of Pennsylvania and emeritus professor of medicine, died on April 10, 1939, at 
the age of 70. Dr. Stengel was a member of the editorial board of tlie Archives 
OF Pathology from the beginning. 


CORRECTION 

In the article by Dr. L. A. Emgc entitled "Sarcomatous Degeneration of 
Transplantable Mammary Adenofibroma of the White Rat,” which appeared in the 
July 1938 issue (Arch. Path. 26:429, 1938), the letters were inserted in figure 2 
in horizontal instead of vertical order, but the legends were not changed accord- 
ingly. To make the parts of the illustration correspond with the legends, the 
following changes are needed : C should be B, E should be C, B should be D, 
and D should be E. 
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Abstracts from Current Literature 

To Save Space the Original Titles of Abstracted Articles Sometimes 

Are Shortened 


Experimental Pathology and Pathologic Physiology 

Disturbances of the Blood and Lymph Circulation in the Abdomen. W. D. 

Gatch, Surg., Gynec. & Obst. 66:322, 1938. 

The problem of whether the intra-abdominal circulation is impeded by greatly 
increased intra-abdominal pressure was solved c.xperimentally by determining the 
systolic blood pressure, the intra-abdominal pressure and the tension in the vena 
cava and then elevating the intra-abdominal pressure by injecting physiologic 
solution of sodium chloride into the peritoneal cavit}'. As the pressure within 
the abdominal cavity increased, the pressure in the vena cava kept pace with it 
so that the two were alwa 3 's equal. When the intra-abdominal pressure equaled 
the systolic blood pressure, all flow through the abdominal organs ceased, and 
they became white and bloodless. Thus it seems that the heart forces enough 
blood through the capillaries to maintain an intravenous pressure equal to that 
within the abdomen and further that the intra-abdominal circulation cannot be 
stopped by any increase of intra-abdominal pressure lower than the diastolic blood 
pressure. When the pressure on a capillary equals the diastolic blood pressure, 
the flow of blood through the capillary occurs only in systole and consists of a 
series of brief spurts. The resulting volume of the blood flow is insufficient to 
maintain the normal activities of the tissues. Under the conditions of the experi- 
ment the absorption of salt solution is slow. 

The effect of bowel distention and that of venous obstruction limited to a single 
abdominal organ were likewise studied. It was demonstrated that the venous 
outflow from a distended bowel decreases as the intraintestinal pressure increases 
and ceases when the intraintestinal pressure equals the s 3 "stolic blood pressure; 
that distention of the bowel causes no venous congestion thereof; that the bowel 
is not injured by intraintestinal tension short of that necessary to rupture it, 
provided the pressure is applied for a short time only; that after deflation the 
bowel can be made to contract normally and displa 3 "s no microscopic evidence of 
damage; that the function of the bowel as shown by its power of absorption is 
maintained fairly normal in the presence of intraintestinal pressure lower than the 
diastolic blood pressure but ceases when the intraintestinal pressure is higher 
than this; that distention of the bowel causes no edema of its wall but diminishes 
or abolishes secretion by its mucosa; that loops of bowel kept tightly distended 
for a number of hours gradually increase in diameter and may remain viable if 
the pressure within them does not increase as fast as their walls are stretched, 
enlargement under these conditions diminishing the pressure on the capillaries of 
the bowel wall and permitting a resumption of the blood flow. The effects of dis- 
tention on the appendix and on the cystic ovary are much the same as on the 
intestine. The gallbladder, however, behaves differently. After ligation of the 
cystic duct the gallbladder contracts within a few hours, which is due to rapid 
absorption of water from its contents; ligation of the common duct alone brings 
about great distention of the gallbladder, for the power of removing water from 
its contents is insufficient to cope with the constant arrival of more fluid by way 
of the cystic duct. 

In the presence of venous obstruction manometer readings indicate a rise of 
pressure equal to that of the systolic blood tension, proving that in venous obstruc- 
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tion the systolic blood pressure is transmitted through the capillaries into the veins. 
Under these circumstances the capillaries rupture, and there follows a massive 
extravasation of blood into the tissue spaces. 

Disturbances of the blood Ilow arc always accompanied by alterations of the 
lymph flow : An elevation of intraintestinal pressure beyond a certain level abolishes 
the flow of lymph in the abdominal wall; a slight rise in intravenous pressure 
increases the flow of lymph, while complete venous obstruction abolishes it. 

W.\uuEN C. Hunter. 

Allergic Hyperergic Infl.vmmation Evoked hy Autoserum. W. Eickhoff, 
Virchows Arch. f. path. Anat. 301:264, 1938. 

Attempts to sensitize an animal to its own blood or scrum have led to con- 
flicting results because, according to Eickboft', there could be no certainty that the 
blood or serum used for reinjection had the same chemical composition as that 
used for the first injection. Eickhoff overcame this objection by withdrawing 
from rabbits and guinea pigs by cardiac puncture a quantity of blood that would 
yield sufficient serum for a first, or sensitizing, injection and a second, or provo- 
cative, one. The two portions of scrum were inspissated in vacuo at the same 
time by the method of Flosdorf and Mudd. Sealed nndcr vacuum, the material 
was kept on ice until needed. Then sufficient distilled water was added to restore 
the original volume of the serum. Solutions so prepared were clear and colorless. 
The first injection was made three weeks after the cardiac puncture, and the second 
three weeks after the first, both being made subcutaneously and at the same site. 
The first injection had no detectable local effect. The second injection of the 
autoserum led to local swelling of the skin. Histologic examination of such an 
area forty-eight hours after the injection revealed edema of the subcutis, separa- 
tion of its fibrous elements and marked cellular infiltration, the picture being 
identical with that of .A.rthus’ phenomenon. The infiltrating cells were leukocytes, 
eosinophils and histiocytes. Tissues examined at later periods showed fibro- 
blastic proliferation. If the second dose of autoserum was given by intravenous 
or intracardiac injection it produced anaphylactic shock. q -p Schultz 


Pathologic Anatomy 

Stenosis of the Splenic Vein in Childhood. J. Hora, Virchows Arch. f. 
path. Anat. 300:670, 1937. 

Thrombosis of the splenic vein in the adult leads to a characteristic triad of 
splenomegaly, gastric hemorrhage and secondary anemia, which permits clinical 
recognition of the condition. In children a somewhat similar complex of symp- 
toms occurs, but operation or necropsj' fails to reveal thrombosis or obstruction 
of the splenic vein. The noncommittal clinical term “stenosis of the splenic vein” 
has been applied to the condition in children. Failure to detect obstruction of 
the splenic vein has led to the supposition that the obstruction to the splenic 
circulation lies within the spleen itself. In children splenectomy usually leads 
to recover}-; hence there are few records of observations made at necropsy. 
Hora presents a detailed histologic study of 2 spleens removed surgically, the 
first from a boy aged 8 years and the second from a girl aged 9 years. Neither 
grossly nor microscopically was there evidence of disease or of obstruction of 
veins outside the spleen. In each instance the spleen was enlarged to about four 
times the normal size. The splenomegaly was due to hyperplasia of the red pulp, 
with marked prominence of the sinusoids. Congestive hemorrhages bad occurred 
in the trabeculae, and siderofibrous nodules had been formed, but there were no 
alterations within the spleen itself that would account for interference with the 
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circulation through the spleen. The cause must be sought outside the spleen. 
In the absence of anatomic changes in the splenic vein one must consider func- 
tional stasis of the vein or obstruction of the portal circulation. 

O. T. Schultz. 


Specific Cellular Changes Due to Electricity. S. Jellinek, Virchows 
Arch. f. path. Anat. 301:28, 1938. 

As characteristic and specific effects of the passage of electricity through the 
body, the director of the Institute for Elcctropathology of the University of 
Vienna describes two types of cellular change. These occur in and immediately 
adjacent to electric marks that reveal no evidence of burning. The first is a 
spiral deformation of the nuclei of the media of blood vessels, as if the nuclei 
had been subjected to a twisting force in opposite directions applied to their poles. 
Such deformed nuclei were observed in the tissue adjacent to scars of lesions 
caused by electric current and sustained, respectively, three and five years pre- 
vious to death, an observation which the author characterizes as remarkable. 
The other type of change was noted especially in the epithelium of the hair fol- 
licles. The nuclei were elongated, needle shaped, and had a wavelike geometric 
arrangement, which the author likens to the lines of force in an electric field. 
Both types of change were observed in rabbit tissues experimentally e.xcised by 
the high frequency electric surgical knife, at a slight distance from the surface 
in contact with the knife. These observations, the author suggests, may be 
indicative of possible danger in the use of the high frequency knife or of the 
diathermy current. O. T. Schultz. 


Relation of Anomalies of the Circle of Willis to Aneurysm of the 
Base of the Brain. A. Slany, Virchows Arch. f. path, Anat. 301:62, 
1938. 

Brief summaries are presented of 26 cases of aneurysm of the circle of Willis 
that led to fatal intracranial hemorrhage. The subjects had come to necropsy 
in Priesel’s institute, Vienna, during the preceding ten years. In 14 cases the 
aneurysm was associated with an anomaly of the vascular circle. The frequency 
of the association suggests that there may be a causal relationship between 
anomaly and aneurysm of the circle of Willis. q -p Schultz 


The Pyelonephritic Contracted Kjdney. T. Fahr, Virchows Arch. f. path. 
Anat. 301:140, 1938. 

In a 46 page article, in which the material is excellently organized and set 
forth in language easy to read, Fahr presents a study of the pathologic aspects 
and a discussion of the genesis of the pyelonephritic contracted kidney, based on 
80 cases. He traces the process from its inception as subacute pyelitis, which 
may involve the entire pelvis or only one or more calices, through stages of 
ascending proliferative interstitial inflammation of the medulla, to a final stage 
of almost complete replacement of the kidney by fibrous tissue, with contraction. 
He agrees in general with Staemmler but does not agree that in ever}' instance 
the process passes through a stage of cystic dilatation of the tubules or a stage 
of struma-like transformation of the kidney. He thinks it is necessary to recog- 
nize two different types of ascending inflammatory process. In one of the ascend- 
ing interstitial inflammation is more diffuse, spreads, more rapidl}' upward into 
the kidney, with fibrous replacement of tubules and glomeruli but without struma- 
like transformation of the organ. In the other type the process ascends more 
slowly and is associated with fibrosis of the medulla; with this change the cystic 
stage described by Staemmler develops. But such cystic transformation is not 
always the result of the ascending inflammation. It may have existed previous 
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to the development of the latter in hypogenetic areas of the kidney or in an 
organ which is diffusely hypoplastic. Such hypogenetic areas seem to be more 
prone to ascending inflammation than previously normal kidneys. Hypogenetic 
renal tissue is also more prone to malignant nephrosclerosis and chronic glomer- 
ulonephritis. Fahr suggests that the interstitial nephritis associated with dwarf- 
ism or rickets is ascending pyelonephritis in a congenitally hypogenetic kidney. 
He believes it is necessary to recognize a form of nephritis which he terms 
hypogenetic nephritis. He considers chronic ascending nephritis the most fre- 


quent form of renal inflammation. 


O. T. Schultz. 


Widening of the Cranial Sutures. A. E. Sitsen, Virchows Arch. f. path. 

Anat. 301:287, 1938. 

Sitsen gives a detailed description of the pathologic alterations of the bone 
at the suture margins in S cases of widening of the cranial sutures. The series 
includes Tease of spongioblastoma of the brain in a child, 1 case of sympathico- 
blastoma in a child witli metastasis to the skull and 3 instances of suppurative 
osteomyelitis of the cranial bones. Widening of the sutures may be brought about 
by abnormal mobility of the irregular bone margins or by separation of these 
bone margins. Increased mobility may be due to (1) resorption of bone and 
its return to the fetal state, as brought about by increased intracranial pressure, 
(2) to destruction of bone by a metastatic tumor situated near a suture and (3) 
to destruction of bone by suppurative inflammation. Actual separation of the 
suture margins requires an increase in intracranial pressure and can occur only 
in early life, when the sutures have not yet united, or in later life, when the 
bony margins of the sutures are altered or destroyed. Schultz. 

Carcinogenetic Activity, Structure and Chemical Reactivity of Poly- 
nuclear Aromatic Hydrocarbons. L. F. Felser, Am. J. Cancer 34:37, 
1938. 

A survey and analysis are made of the chemical and biologic investigations of 
hydrocarbon carcinogenesis, with significant conclusions bearing on further work 
in this field. 

Variation in the Creatine Content of Human Muscle at Autopsy. C. R. 

Linegae, T. T. Frost and V. C. Myers, Arch. Int. Med. 61:430, 1938. 

The creatine content of the heart is low at birth but progressively increases 
until within a few months it is equal to that found in adults. The saturation 
level for the creatine of cardiac muscle is reached much earlier than that for 
the creatine of voluntary muscle. In cardiac decompensation the creatine content 
of the heart, i. e., of both the left and the right ventricle, is definitely lowered 
in comparison with average values. It is also usually slightly lowered in diabetes 
and carcinoma. On the other hand, the creatine content of the muscles of the left 
and right ventricles may be considerably increased in uremia uncomplicated with 
heart failure and in pneumonia in some cases. The creatine content of voluntary 
muscle (the pectoralis major muscle being taken as an example) is reduced in 
diabetes and carcinoma and increased in uremia uncomplicated with heart failure 
and in the pneumonias, compared with average values. The creatine content of 
cardiac and voluntary muscle may be reduced or increased in fairly constant ratios, 
but the major evidence points to the conclusion that variations in these two dis- 
tinctly different muscles are not related except when the creatine contents of both 
voluntary and cardiac muscle are elevated, probably as a result of retention of 
nitrogen. From Authors’ Summary. 



938 


ARCHIVES OF PATHOLOGY 


Pathologic Chemistry and Physics 

Minerals in Normal and in Pathologic Brain Tissue, Studied by Micro- 
incineration AND Spectroscopy. L. Alexander and A. Myerson, Arch. 
Neurol. & Psychiat. 39:131, 1938. 

The microincineration method enables one to determine the relative distribution 
of ash in various parts of normal and of pathologic nerve tissue. The gray matter 
is rich in ash; the white matter is poor in ash. The mineral distribution in the 
various parts of the neuron varies. For instance, in the ganglion cell the nucleus 
and Nissl bodies contain rich deposits of ash, while the intracellular neurofibrils 
contain little or no mineral ash; the lipoid of the myelin is free from mineral ash, 
and the axons contain small amounts. With hemorrhages, inflammation, tuberous 
sclerosis and tumors there is hypennineralization ; in ischemic necrosis, in plaques 
of multiple sclerosis, in areas of cortical atrophy and in cell disease of patients 
with amaurotic family idiocy there is demineralization. 

Spectroscopic studies revealed that the white matter contains about twice as 
much phosphorus as the gray matter, while the gray matter is richer in sodium, 
calcium and magnesium. The dried substance of the gray matter is richer in iron, 
but potassium, manganese and copper are about evenly distributed. By the spec- 
troscopic method the relative mineral content was studied in the gray and white 
substances of the brains of newborn infants and in those of normal adults, also 
brains showing one or the other of the following conditions : softening of the brain, 
multiple sclerosis, dementia paralytica, encephalitis due to poisoning with lead, 
cerebral edema and tumors. In multiple sclerosis the plaques showed twice as 
much iron as normal white matter of the same brain; calcium was decreased in 
the plaques, and phosphorus showed no significant changes. The reason for the 
discrepancy between the findings by the spectroscopic and the microincineration 
methods of studying multiple sclerosis was that in multiple sclerosis the scavenger 
glia cells appropriated, as it were, most of the minerals and thus depleted the 
tissues. In dementia paralytica no absolute increase of iron was found, while in 
lead encephalitis more lead was deposited in the gray than in the white substance. 

George B. Hassin. 


Serum Enzymes and Fermentation Tests. N. E. Goldsworthy, J. E. Still 
and J. A. DuM.■^RESQ, J. Path. & Bact. 46:253, 1938. 

Horse serum contains amylase and maltase even after storage for many weeks 
at 4 C. These enzymes can lead to a false interpretation when the serum is added 
to a fermentation medium. To avoid this difficulty, the serum should be heated 
for sixty minutes at 65 C. before being added to the medium. There is dis- 
agreement between the results of some authors who have investigated the enzyme 
content of serum in various animal species. Certain factors other than enzymes 
which may influence the apparent result of a fermentation test are discussed. 

From Authors’ Summary. 


Centrifugation of the Elementary Bodies of Infectious Myxomatosis of 
THE Rabbit. C. E. van Rooyen and A. J. Rhodes, Zentralbl. f. Bakt. 
(Abt. 1) 140:117, 1937. 

A speed of 15,000 revolutions per minute for two hours caused deposition of 
the elementary bodies. The supernatant fluid was noninfective, but the centrifuged 
sediment containing the elementary bodies, on intradermal injection into rabbits 
produced typical myxomatous papules. Paul R. Cannon. 
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Microbiology and Parasitology 

Superinfection in Malaria. L. T. Coggf.sii.\ll and H. W. Kumm, J. Exper. 

Med. 68:17, 1938. 

Protection tests were utilized to determine the effect of superinfection on the 
potency of immune serum from monkeys chronically infected with Plasmodium 
knowlesi. The results of these tests showed that: 1. In two groups of monkeys 
with comparable infections the immune scrum of 8 monkeys which had been 
superinfected on seven separate occasions over a period of two months was much 
more potent than that of a group of 7 monkc 3 's in which the chronic course of 
infection was allowed to continue without the introduction of a superinfection. 
2. After a series of nine more intense superinfections the serum from the same 
two groups of monkeys contained no demonstrable protective antibodies. 3. The 
serum from 8 of the 10 monkeys in the original two groups showed a relatively 
high concentration of protective antibodies following a month’s rest and a single 
superinfection. 4. The results of the experiments indicate that it is possible to 
increase the potency of immune serum bj' superinfections but that it is also possible 
to obtain a decrease in the protective property of the serum by too severe super- 
infections. From Authors’ Summary. 


Cutaneous Infectivity in Poliomyelitis. \V. J. German and J. D. Trask, 
J. Exper. Med. 68:125, 1938. 

Bilateral olfactory neurectomy did not prevent experimental poliomyelitis 
following intravenous or intracutaneous inoculation of the virus. Various operative 
procedures increased the susceptibilitj’’ of monkeys to this infection. 

From Authors’ Summary. 

A Possible Mechanism of Lowered Resistance to Pneumonia. W. J. Nun- 
GESTER and R. G. Klepser, J. Infect. Dis. 63:94, 1938. 

Mucin injected intrabronchially favored the production of pneumonia in 
rats spra 3 "ed one day later with pneumococci. Certain factors, as exposure to 
cold, prolonged deep ether anesthesia or alcoholic intoxication, increased the aspi- 
ration of mucous material placed in the noses of white rats. Such factors also 
increased the incidence of pneumonia if pneumococci and mucin had been inocu- 
lated intranasally. Cold or alcoholic intoxication were found to interfere with the 
closing of the glottis, thereby permitting the aspiration of mucin and pneumococci. 

From Authors’ Summary. 

Tuberculous Infection from Talcum Used to Dry Gloves Used for 
Necropsies. R. Oehnell, Zentralbl. f. allg. Path. u. path. Anat. 69:324, 
1938. 

Dissemination of tubercle bacilli by talcum powder used to dry gloves worn 
at necropsies is reported. Oehnell carried out his researches designated A and B, 
with observations as follows. At hospital A, from 8 to 9 bodies dead of pul- 
monary tuberculosis were examined each month. The attendants frequently 
washed their rubber gloves hurriedly with soap and water, then gave them a 
preliminary drying on a towel. Talcum sprinkled from a shaker was used to 
complete the drying and often was scattered in a cloud when imprisoned air 
was used to turn the gloves right side out. Guinea pigs placed within a meter 
of the tablet on which the excess talcum fell, developed widespread tuberculous 
lesions. Others exposed to talcum which had not come in contact with gloves 
remained free from disease when kept about 10 meters from the tablet. 
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In hospital B, the gloves were powdered in a large glass cylinder kept in an 
antechamber of the morgue. Talcum was used repeatedly until the container 
was empty. Only from 1 to 2 bodies dead of tuberculosis were examined in 
this institution per month. Guinea pigs kept close to the talcum container 
remained healthy and had no tuberculous conditions post mortem. The studies 
indicate a possible source of tuberculous and other infections in man exposed to 
talcum dust contaminated by bacteria adherent to gloves used in morgues. 

GnoRcn J. Rukstixat. 


Brucelliasis in Japan and I\Ianchukuo. H. Hiroki, Ztschr. f. Immunitats- 
forsch. u. exper. Therap. 92:382, 1938. 

From 10 to 20 per cent of cattle in Japan were found infected with Brucella 
abortus. Br. abortus infection of man is not rare, but there are no known 
instances of infection of man with Brucella mclitensis. Brucella infection is con- 
siderably greater in Manchukuo, in man as well as in cattle. The scrum of about 
10 per cent of the persons working on cattle and sheep farms gave positive 
agglutination or complement fixation with Br. abortus or Br. melitensis. Some 
of these had no clinical manifestations and no history of the disease. 

I. Davidsohn. 


Immunology 

Brucella Precipitin Systems. R. B. Pennell and I. F. Huddleson, J. Exper. 

Med. 68:73 and 83, 1938. 

It has been shown that the precipitation by the endoantigens of the three 
species of Brucella of their homologous antibodies may be described by equations 
developed from the law of mass action. The endoantigens may be used in cali- 
brating accurately brucella antisera. The nitrogen-containing constituent of the 
endoantigens does not always seem to be intimatel}’- connected with the abilitj' to 
precipitate the specific antibodies. 

Quantitative cross precipitation studies with goat antiserums show the three 
endoantigens of Brucella to be serologicallj' distinguishable. Although the endo- 
antigens of Brucella abortus and Brucella suis are verj' similar, tliej-- do not react 
identicalb", which permits the two organisms to be distinguished serologically. 
These differences in cross precipitation may be used to identify an organism of 
the brucella group or to determine the organism responsible for a brucella anti- 
serum. Froji Autpiors’ Summaries. 

Immunity After Encephalitis Virus Vaccination. L. T. Webster, J. Exper. 

Med. 68:111, 1938. 

Susceptible mice that are given subcutaneous or intraperitoneal injections of 
15,000 intracerebral lethal doses of St. Louis encephalitis virus acquire immunity 
in from four to seven daj^s to from 1,000 to 1,000,000 lethal doses given eitlier 
intracerebrally or intranasalbL , This immunitj'- persists for from four to six weeks, 
then decreases gradually and after from eight to twelve weeks disappears. More 
than 1,000 intracerebral lethal doses of virus given as a vaccine does not materially 
increase the amount or duration of the immunity; less than 1,000 doses gives little 
or no immunity. Test virus injected intracerebrally into immunized mice induces 
few lesions and is rapidly destroyed ; instilled intranasally, it rarely reaches the 
olfactory lobes or brain. While immunity is maximum, circulating neutralizing 
antibodies are not detectable. Moreover, the immunity is not affected by endo- 
thelial cell blockade or by splenectomy. A few moments after the immunizing, 
virus is given, it can be recovered from the blood in relatively high concentration. 
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After twenty-four hours, the blood no longer contains demonstrable virus nor do 
any organs thus far tested except the spleen. The brain and cord remain entirely 
normal. The spleen, how'ever, becomes enlarged and harbors virus for as long as 
thirty days. From Author’s Summary. 


Toxin Production by Bacillus Histolyticus. L. E. Waleum and G. E. 

Reymann, J. Path. & Bact. 46:315, 1938. 

Under the experimental conditions described Bacillus histolyticus grows luxuri- 
antly in ordinary broth containing 1 per cent peptone irrespective of the presence 
of dextrose. The production of to.xin appears to be greatest in broth without 
addition of dextrose or in Bacillus coli-fermented broth. The peptone content of 
the medium has a considerable effect on the toxin production, the production 
increasing with increase in the concentration of peptone. The greatest production 
of toxin occurs in peptone broth containing pieces of meat. This medium gives 
a substantial and steadily increasing production of precisely those protein split 
products which are of such importance for the growth of the bacteria and for 
the production of toxin. B. histolyticus toxin has its maximal point of stability 
in the neighborhood of />n 6. The optimal reaction for the albumose-digesting 
enzyme lies around pn 7. From Authors’ Summary. 


Agglutinogens Resembling i\r and N Factors in ^Ionkeys. P. Dahr and 
H. Lindau, Ztschr. f. Immunitiitsforsch. u. exper. Therap. 92:335, 1938. 

One anti-M testing fluid clumped the red cells of some old world low'er apes, 
while other anti-M serums failed to do it. The observation indicates that there 
are differences in the anti-M agglutinating serums. An explanation is offered for 
that difference: The M agglutinogen is composed of fractions, some of which 
are present in certain animal species. Occasional rabbits may have one or the 
other of these fractions in their red cells or in other tissues, a circumstance 
influencing the structure of antiserums produced by inoculating them with human 
red cells of group OM. The failure to find the M property in an animal species 
is of little significance if only one anti-M testing fluid has been used. The 
resemblance of the M agglutinogen of monkeys to that of man increases with the 
zoologic proximity to man. The N agglutinogen was found only rarely in 
monkeys. Here, again, the agglutination reaction, indicative of the presence of 
the N factor, was demonstrated only with some of the anti-N serums, showing 
that they, too, differ as do the anti-M serums. Davidsohn. 


Elimination of the B Agglutinogen in Saliva. F. Kauerz, Ztschr. f. Immuni- 
tatsforsch. u. exper. Therap. 92:460, 1938. 

The B agglutinogen of man consists of at least three fractions, Bi, Bi and Bs. 
Bi has thus far been found only in man and in some anthropoid apes. Bs and Ba 
are regularly present in rabbits, cats and some other animals. Ba is found in 
guinea pigs, some dogs, elephants and some lower apes. Human anti-B serums 
differ in composition : Most of them have B 2 and Pa agglutinins, which are directed 
against red cells with the corresponding agglutinogenic fractions; some serums 
have in addition to the aforementioned agglutinins Pi agglutinin; none are known 
with only the Pa agglutinin. The B agglutinogen which is eliminated in the saliva 
does not always consist of the same fractions that are present in the red cells of 
the saVne person; in 13 of 50 salivas of B persons only fraction Bi was present; 
if these 13 persons had been tested with one of the common anti-B serums with 
°uly P 2 and Pa agglutinins they would have been labeled noneliminators. Only 
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serum with the A agglutinins in addition to the two other fractions can be used 
for a reliable determination of the elimination of B agglutinogen. By proper 
absorption of human anti-B .serums with rabbit red cells, containing the Bs and Ba 
fractions, and with the red cells of the guinea pig, containing the Bs fraction, 
serums can be prepared which hold isolated agglutinins A or P 2 . 

I. Davidsohn. 

The Shwartzman Phenomexox. G. Aldus and K. Fischer, Ztschr. f. 

Immunitatsforsch. u. cxper. Tlierap. 92:472, 1938. 

Rabbits were sensitized witli an intraperitoneal injection of pollen extract. 
The presence of sensitization was established by means of the passive transfer of 
Prausnitz-Kiistner. The sensitized animals were inoculated intracutaneously in 
one area with a filtrate of a culture of Bacillus coli and in another area with 
0.3 cc. of a 1:10 dilution of the pollen extract. In both areas inflammatory 
reactions developed. Intravenous injections of 2 cc. of the filtrate of B. coli pro- 
duced grossly and microscopically t 3 'pical hemorrhagic lesions in 50 per cent of 
the animals. In no case did a hemorrhagic lesion develop onh* in one of tlie two 
prepared sites. In nonsensitized animals hemorrhagic lesions appeared onlj' in 
the areas prepared with the bacterial filtrate. Normal rabbits were prepared 
locall}'- by intracutaneous injections of B. coli filtrate. Intravenous injections of 
a mixture of pollen extract and scrum from sensitized animals did not produce 
the phenomenon, but when animals were sensitized to the pollen and then given 
injections as described the phenomenon was produced in 25 per cent of them. The 
results indicate that the reaction that takes place between the pollen and the 
reagins is capable of preparing the skin for the Shwartzman phenomenon and 
further that the in vivo reaction between the injected pollen extract and the 
reagins in the sensitized animal can provoke the phenomenon in the prepared skin. 

I. Davidsohx. 


Tumors 

Clasmatosis IX THE Melanoblast. C. G. Grand, Am. J. Cancer 33:394, 1938. 

The elimination of granules of melanin bj' the melanoblast occurs bj’ active 
pinching off, or clasmatosis, of clumps of granules irregularly arranged along the 
length of its dendrites. Clasmatosis occurs either bj' fragmentation of the pseudo- 
podium or by formation of a bud which breaks away from the side of the pseudo- 
podium. The constanc}’^ of clasmatosis in the melanoblast and its occurrence in 
only one of the types of cell found in the tissue cultures of mouse melanoma argue 
against the phenomenon being accidental or due to an abnormal condition of the 
medium. The irregularity in the appearance of the granules in the macrophages 
is due to the ingestion by the macrophages of the fragmented debris of melanin 
previously eliminated b}" the melanoblasts. Clasmatosis, a physiologic mode of 
excretion first described b}'' Ranvier, is at least one way in which the melano- 
blasts of the Harding and Passej' mouse melanoma eliminate melanin. 

From Author’s Summary. 

Basophil Adenoma of the Pars Intermedia of the Hypophysis. A. T. 

Rasmussen and A. A. Nelson, Am. J. Path. 14:297, 1938. 

Two cases in which basophil adenoma originated from the pars intermedia are 
described. In the first case the onh’^ symptom referable to the hj'pophysis was 
high blood pressure. On account of the age of this patient (77 years) the asso- 
ciation of the adenoma with the hj'pertension is questionable. In the second case a 
number of the major characteristics of pituitary' basophilism (adiposity, striae 
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atrophicac, hirsuties, high blood pressure, florid face) were present. In neither 
case were there any hyaline changes in the basophilic cells. There was considerable 
diffuse invasion of the neural lobe by these cells in both cases. The greater bulk 
of the data, however, does not indicate that there is any direct significant correla- 
tion between this invasion and hypertension. Authors’ Summary. 

The Histology of the Infectious Firroma in Rabbits. C. G. Ahlstrom, J. 

Path. & Pact. 46:461, 1938. 

The infectious fibroma of the rabbit shows both inflammatory and neoplastic 
features ; the early stages are chiefly granuloma-like, whereas neoplastic features 
dominate the later stages. The cells originate not only from fibroblasts but also 
from perivascular histiocytes and endothelial cells, groups of j'Oung capillaries 
with hyperplastic endothelium serving as centers for the proliferation of the 
young tumor. The cells show characteristic basophilic cj'toplasmic inclusions, 
increasing in amount and in size with the age of the tumor. The epithelium 
overlying the intracutaneous fibroma shows inclusions in the form of eosinophilic 
granules and sometimes also hyperplasia. Regression of the fibroma occurs 
through a combination of necrosis and resorption, of which the former seems to 
be primary. From Author’s Summary. 


Prophylaxis of Occupational Cancer. O. Teutsciilaender, Med. Welt 11 : 

1267 and 1341, 1937. 

Teutsciilaender is the author of the so-called allobiotic theory of cancer, accord- 
ing to which the carcinogenic agent after a sufficiently long e.xposure produces 
in the body a condition of cancer readiness. That condition, or allobiosis, is 
characterized by the tendency of the body to react to irritating agents with neo- 
plasia instead of with the usual reaction. .A, table presents all known instances 
of occupational cancer. Teutsciilaender attempts to apply the three factors — (1) 
the constitution (allobiosis), (2) the carcinogenic agent and (3) the term of expo- 
sure — to tlie prophylaxis of occupational cancer. The applicability is illustrated in 
several industries, with particular consideration of the laws in Germany. 

I. Davidsohn. 


Tumors of the Thymus and Their As.sociation with Myasthenia. R. A. 
Obiditsch, Virchows Arch. f. path. Anat. 300:317, 1937. 

Nine cases of tumor of the thymus are described. In 4 of the cases the growth 
was benign and was termed lymphoepithclial ; the predominating cell was the 
small lymphocj'te. In 5 cases the tumor was malignant and of the squamous 
epithelial type; this type the author terms a malignant medulla cell tumor. Only 
the benign tumors were associated with myasthenia. The benign tumors, which 
retained the function of the thymus, secreted an excess of a thymic substance 
causing myasthenia. Whether it acted directly on the muscle or on the nervous 
system or on the metabolism has not been determined. q Schultz. 

Virulence of the Cells of Transplantable Tujiors. A. Symeonidis, 
Virchows Arch. f. path. Anat. 300:429, 1937. 

Inoculability in the case of a tumor is an expression of intrarelationship between 
the properties of the host and those of the tumor cell. Ehrlich, influenced by bac- 
teriologic terminology, stated that the virulence of a transplantable tumor is com- 
posed of two factors : (1) its ability to overcome the host’s protective mechanisms 
and establish itself ; (2) its energy of growth after it has “taken.” Inoculability can 
be measured by the percentage of “takes” in a series of animals of uniform con- 
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stitution. Unless “takes” in 100 per cent of cases can be assured, the variation in 
“takes” is too great to be of much value as a measure of virulence. In the work 
of Symeonidis with the Ehrlich transplantable mouse carcinoma and with the 
Ehrlich tumor originally termed sarcoma but which Symeonidis considers to be 
carcinoma of an anaplastic type, “takes” were obtained in 100 per cent of each 
series of inoculated animals. Inoculability is a fixed property. In the course of 
the work the so-called sarcoma became much more highly virulent as measured by 
rapidity of growth, appearance of metastases and duration of life. During this 
period “takes” were obtained with a dose of as few as 3,000 suspended cells. With 
10,000 cells, “takes” were obtained uniformly. Such an increase in virulence 
must be due to increased resistance on the part of the tumor cells to the protective 
mechanisms of the host. Such an increase in virulence occurring in the course 
of a series of animal passages is due to segregation out of the tumor of cells more 
resistant or less susceptible to the antagonistic protective mechanisms of the host. 
In determining the degree of virulence of transplantable tumors it is necessary to 
determine the “absolute minimum” of living tumor cells that will result in a “take,” 
and the “optimal minimum” of the smallest number of cells that will result in 
“takes” in 100 per cent of cases. Malignancy is not identical with virulence, as 
the author uses the latter term, and malignancy is not a measure of the virulence 
of transplantable tumors. Successful inoculation after implantation of organs that 
contain no visible tumor tissue is due to microscopic metastases or to cells of high 
virulence that have been carried into the organ. q -p Schultz 


Medicolegal Pathology 

Diagnosis anh Medicolegal Implications of Alcoholic -Intoxication. S. 
Selesonick, J. a. M. a. 110:775, 1938. 

It is important to have definite criteria as a basis for the diagnosis of alcoholic 
intoxication in accidents involving persons who have imbibed alcoholic beverages. 
The chemical determination of alcohol in a body fluid offers a scientific means 
of establishing whether or not a person has imbibed alcohol and of estimating the 
degree of alcoholic intoxication. Blood as a medium for anal}'sis is preferable to 
spinal fluid, urine, saliva or expired air for the following reasons : It contains a 
negligibly small amount of nonalcoholic oxidizable material. Its alcoholic content 
represents the degree of alcohol saturation at the moment the blood sample is 
obtained. It is alwa 3 's available, and its extraction does not necessitate the active 
participation of the subject. 

There are sufficient scientific data to prove that subclinical intoxication — or 
alcoholic intoxication in the biologic sense without an\" gross manifestations of 
drunkenness — can produce sufficient interference with psychomotor activity and 
neuromuscular coordination to render the affected person a public menace. The 
technic of determining the alcohol in the blood detects degrees of alcoholic intoxi- 
cation which ordinarily escape detection b}’’ competent ph}’’sicians. Criteria, there- 
fore, must be established which include body fluid alcohol determinations as part 
of the diagnostic armamentarium. From Author’s Summary. 


Aspiration of Amniotic Liquor. J. Camerer, Deutsche Ztschr. f. d. ges. 
gerichtl. Med. 29:333, 1938. 

Reports of the presence of amniotic liquor in the lungs and bronchi of new- 
born children are exceedingly variable. After the publications of Haberda, the 
microscopic demonstration of even sparse elements from the amniotic fluid in the 
lung was accepted as the cause of natural death. Camerer has examined the lungs 
of 212 infants, in 45 of whom autopsy revealed evidence of aspiration of amniotic 
fluid. In 28 others the evidence was questionable, and in the remaining 139 
no such evidence was found. Of these children, 93 were stillborn, 48 died during 
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the first day, 47 lived a day, and 24 died during the first week. In the majority 
of the cases, tissues from one lung only were prepared, since the author was 
unable to find any difference in the content of the various lobes. There was, 
however, a great variation in the localization of the material within a lobe. At 
times, the aspirated masses were located in the large and small bronchi. At 
other times, these structures were empty, and the alveoli were distended with 
foreign material. Of the 212 bodies examined, only 3 did not contain any 
demonstrable amniotic component, and in these 3 there was lymphocytic and 
leukocytic infiltration partly in the alveoli and partly in the interstitial tissue. 
In the 67 lungs in whicli only sparse epithelial cells were found and no fat, the 
cells were scattered in the alveolar spaces but were never found in the bronchi. 
These findings seemed unassociatcd with pulmonary function, as they were noted 
in lungs which had breathed, in those which had not breatlied and in those which 
were macerated. It also made no difference if the child was immature or post- 
mature, as their lengths varied from 32 to 56 cm. Because of the great constancy 
of these findings, the conclusion seemed justified that the process was physiologic. 

In the lungs of 79 children, fat and epithelium were demonstrated in small or 
moderate amounts. It is remarkable that this aspiration has no after effects. In 
none of the author’s cases was there an inflammatory reaction. It is evident, 
tlierefore, that these substances do not call forth a foreign body reaction or pneu- 
monia. Large fat-laden wandering cells occurred in the alveoli involved. The 
rest of the fat was found in the endothelium of the alveolar capillaries in the 
form of fine droplets, especially in the older children. It appears, therefore, that 
the fat is taken up by the reticuloendothelial system of the lung and is there 
either changed or disposed of. The epithelial cells are preserved longer than the 
fat and are still stainable in macerated fetuses and in the lungs of children who 
have lived for eight days. George J. Ruicstinat. 
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Glomus Tumor of the Arm. Axdrea Saccoxe and Joseph jMexdeloff. 

To date 106 cases of glomus tumor have been recorded in tlie literature. A 
case of glomus tumor in a 42 year old white man is described. The tumor 
occurred at the site of a “blue birthmark’’ after injurj' to that site. The “birth- 
mark” was of ten years’ duration, and the glomus tumor was of eight months’ dura- 
tion. The tumor cells appeared to be of nwoblastic origin. The suggestion is made 
that there may have been a connection of these cells to the periglomal nerves 
by means of nonmyelinated fibers. In view of the fact that the exact nature of 
the previous “blue birthmark” is unknown, it is difficult to postulate a relation- 
ship of the glomus tumor to it, although some relationship is strongly suggested. 

DISCl/SSIOX 

Amour F. Liber : This case is of interest not only because of the situation, 
outside of the tips of the digits, which is somewhat unusual, but because of an 
unusual clinical feature, the fact that the pain was referred to the region of the 
sixth rib, which belongs to a dermatome entirel}' diflerent from that of any part 
of the upper e.xtremity. In most cases of glomus tumor the pain is referred very 
often to the same nerve or at least to the same dermatome. This opens a number 
of curious vistas, that the pain may be referred to a region of the skin innervated 
not b}" the same spinal metamerc but possibly b 3 ' some common sympathetic inner- 
vation. I have had occasion to observe a case of glomus tumor in the wrist 
which in some ways is analogous to this one (lantern slide shown). I think 
the lantern slide is sufficient to demonstrate that one is dealing with a glomus 
tumor. The marker represents a length of 100 microns. The pain in this case 
had lasted ten years but was slight. Here again is a historj" of trauma, appar- 
ently slight, but sufficient to cause an ecchyniosis in the painful region, and fol- 
lowing this the pain was aggravated, and a visible growth appeared. 

There is one other point. Very often small painful bluish tumors which have 
the same subjective features as glomus tumors are found in the extremities and 
on the body, particularly on the thighs and legs, and are frequently diagnosed 
clinically as glomus tumors. Often the}’- are painful subcutaneous leiomyomas, to 
which Dr. Stout has called attention in his studj"^, and of course the}" are easy 
to diagnose histologically. Clinically they are almost invariably called glomus 
tumors. 

Andrea Saccone: I should like to add that the glomus tumor is a type of 
angioma, a complex type, in which the neuromyoblastic elements play an impor- 
tant role in the clinical manifestations and in the histologic appearances. 

Effects of Intravenously Injected Sucrose of the Kidneys. Paul 
Klemperer. 

In routine examinations of autopsy material of the past two years it was noted 
that a most striking A’acuolation of the cytoplasm of the epithelium of the pri- 
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mary convolulccl tubules of the kidneys was being encountered much more fre- 
quently than in preceding years. In an investigation to determine whether anj’^ 
therapeutic procedure might have been responsible for this conspicuous alteration 
it was found that every one of the patients had received one or more intravenous 
injections of 50 per cent sucrose solution. These observations are not original, 
because identical findings in animal experiments have been reported by Lamj’, 
Alayer and Rathery and by Helmholtz, who noted also similar changes in a 
case in man. The object of the demonstration is to call attention to these strik- 
ing changes, which have been found frequently and are puzzling. 

DISCUSSION 

Theodore B.\uer: When I saw the pictures presented by Dr. Klemperer, 
I remembered the little spots frequently found in all kinds of kidneys ; they have 
been described by Stoerk. They resemble the cortical cells of the adrenal b}- 
their big size, their vacuolated protoplasm and their plantlike appearance, so that 
Stoerk tried to explain, in opposition to Grawitz, the hypernephroma not as a 
derivative of adrenal rests but. corresponding to these large kidney cells, as 
nephrogenic tumor. Sometimes one can sec only a few cells showing this peculiar 
degeneration ; sometimes, quite a group of tubules with the same changes. The 
vacuolation may be caused by deposition of lipoid or of glycogen. I wish only 
to draw attention to the point that these peculiar cells, resembling the cells of 
the cortex of the adrenal gland, caused in the cases just demonstrated by sucrose, 
follow Stoerk’s theory as to the base from which the Grawitz tumor (hyper- 
nephroma) cells originate. 

Irving Gr.-\ef; Were these cells observed in normal kidneys? 

Paul Klemperer: Years before in routine material I probably observed 
similar changes, because one sees vacuolation in some severe infections — for 
instance, in chronic dysentery. \'acuolar degeneration is not too uncommon. It 
was the frequency with which one encountered this change which was so strik- 
ing that one had to look for some cause. I think the cause was the sucrose 
injected, not only because injection of sucrose was found in our cases but also 
because in experimental investigation an exactly identical change had been found. 
I want to emphasize the fact that these vacuoles are not lipids nor are they due 
to deposition of glycogen. 

Irving Graef; The significance of my question had to do with the fact that 
Dr. Klemperer showed pathologic kidneys. Dr. Klemperer may recall a case I 
have been studying, which was referred to me through Dr. Jacob Werne. It con- 
cerned a child who had renal insufficiency for no apparent reason and who at 
autopsy had markedly swollen kidneys, with hemorrhage into the pelvis and 
around the pelvis, and, in addition, microscopic thrombosis of the renal vein. 
The etiologic explanation of this thrombosis was never established. In addition 
to these abnormalities, the tubules of the kidney everywhere exhibited the same 
change which Dr. Klemperer showed; the nuclei were normal. I thought there 
might have been some disturbance in the metabolism or in the excretion of urine 
which promoted storage of a substance that would ordinarily diffuse out, and I 
too found that there was no lipid in the epithelium. The point which perplexed 
me was ; Could there be storage of a polj^saccharide like sucrose in a normal 
epithelial cell to the extent which was demonstrated? Must renal insufficiency 
be present to promote such storage, or some local change in function which 
would promote such storage? I have had the opportunity of examining the 
kidnej's from animals which had received large amounts of inulin, which ordi- 
narily diffuses through the glomerular membranes, and in these animals I have 
never seen anything to compare with this change. I wonder whether Dr. Klem- 
perer feels that a local disturbance is necessary to promote such a tendency 
toward storage of sucrose. 

Amour F. Liber; Dr. Klemperer's paper will undoubtedly be extremely 
enlightening. Just a few days ago I examined slides of a kidney from a child 
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who had died after prolonged diarrhea, and I recall now that the kidney, which 
presented no other gross or microscopic lesion, showed a diffuse vacuolar con- 
dition of the epithelium of the convoluted tubules, which, it seems to me, must 
have corresponded to the picture which Dr. Klemperer showed. The child had 
not received sucrose, which has not been used at the Lincoln Hospital currently, 
but had received large amounts of dextrose intravenously and perhaps saline 
solution, but certainly dextrose. I wonder whether this might not be a phe- 
nomenon of water accumulation. 

Paul Klemperer: In regard to the question whether the vacuoles contain 
sucrose, I cannot say that they do not, but what is known of the excretion of 
sucrose speaks against it. Sucrose is excreted by the normal kidney within 
seventy-two hours quantitatively. Dextrose in ver}- high, SO per cent, concen- 
trations, also produces vacuolation, though not as striking vacuolation as in these 
cases. Less concentrated solutions apparently do not produce change. 

In regard to Dr. Graef’s question: Some of the patients were perfectly 
normal as far as renal function was concerned. The same feature was shown 
in a case of subacute bacterial endocarditis with cerebral embolism in which 
sucrose had been injected. There was also a case of heart failure due to m 3 ’o- 
cardial fibrosis in which there was no renal insufficiency, and the same picture 
was found. Moreover, the experiments made by Helmholtz showed an identical 
picture in normal rabbits. I cannot recall exactly the case to which Dr. Graef 
called my attention, but I maj’ mention 2 cases of renal insufficiency in which 
there was vacuolation of the severest type with no suspicion of an injection of 
sucrose, because sucrose therapy was not known at that time. The histologic 
picture was different. The tubular cells were destroj'ed to a much greater extent 
than in the instance reported here, in which the epithelial cell seems intact and 
shows only striking vacuolation. 


Pathologic Changes Following Therapeutic Hvpertiiermia. Louis Lich- 
tenstein (by invitation). 

A description is given of changes observed at necropsy in a case of uncon- 
trollable hyperpyrexia (109 F.) ensuing on hj’perthermic treatment for arthritis 
of the finger joints. The hyperpyrexia (which developed in the course of the 
third of a series of treatments) was associated with coma, hemiplegia and 
respiratory failure, and the subject died about thirtj'-five hours after the fever 
was initiated. In this case the pathologic changes were as follows: (1) multiple 
punctate hemorrhages and necrobiosis in the graj' matter of the cerebral cortex; 
(2) hemorrhage in the left internal capsule; (3) thrombosis of venules and 
capillaries in the cerebral cortex and internal capsule; (4) cerebral congestion 
and edema ; (5) infarction of kidnej's and spleen ; (6) marked hepatic degenera- 
tion and edema; (7) pulmonary congestion, hemorrhage and edema. 

The observations in this case are correlated with, and discussed in relation 
to, the observations at autopsy in 9 other instances of fatal fever therapy reported 
within the past few years. Certain of the features presented — notably the vas- 
cular lesions — have not hitherto been described in connection with fatalities fol- 
lowing fever therap 3 L Specifically, there seems to be no previous description of 
the thrombosis of venules and capillaries in the hemorrhagic portions of the brain 
or of the infarcts in the kidne 3 's and spleen, which apparent^’’ were the result 
of focal necroses of small arterial branches in these organs. 

The principal complications and sequelae of hyperthermia, and especially its 
effects on the brain, blood vessels and liver, are indicated. 

discussion 

Maurice N. Richter : I should like to ask whether the vacuoles in the 
liver contained eosinophilic bodies. From the photograph the 3 " resembled the 
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structures described years ago by Alallory and more recently by Pappenheiiner 
and Hawthorne (Am. J. Path. 12:625, 1936), and they can be found in a rather 
high percentage of livers in routine examination. 

Louis Lichtenstein ; No eosinophilic bodies were noted microscopically. 

Acute PosTorER.mvE Enterocolitis: A Study on the Pathologic Nature 
OF Shock, Abraham Penner (by invitation) and Alice Bernheim (by 
invitation) . 

This paper will be published in full in a later issue of the Archives. 


CHICAGO PATHOLOGICAL SOCIETY 
Katharine jM. Howell, President 
Regular Monthly Meeting, March 13. 193^ 

Edwin F. Hirsch, Secretai’y 

Fibrosarcoma of Soft Tissue with Regional Concentric Absorption of Bone 
Not Due to the Tumor. Ormand C. Julian. 

The clinical and pathologic details of a slowly growing fibrosarcoma of the 
soft parts of the forearm arc reviewed. The history of the disease from the 
appearance of the tumor until the amputation of the arm extended sixteen years. 
The patient had no mctastascs nine months after the amputation. An unusual 
feature was the concentric absorption of bone in the radius and ulna which 
resulted in pathologic fractures. These changes were present at least four years 
before gross or microscopic evidence of extension of the tumor into the bone was 
found. The histologic appearance of the tumor tissues was not characteristic of 
sarcoma. However, regional mctastascs to the skin of the forearm indicated 
malignancy. 

DISCUSSION 

D. H. Phemister : The behavior of the soft tissues was peculiar, and the 
diagnosis of sarcoma was not simple, because of the long duration of the disease. 
The disturbance in the bone was an external concentric absorption of the radius 
and then the ulna. When the radius was first exposed, there was no evidence 
of tumor in the periosteum. Later the tumor tissues were in the bone. It seems 
to be a tumorous disease of long duration in the soft parts with spread into 
the bone. 

0. Saphir : I have seen several tumors like this, arising in or near the 
periosteum. Is there evidence that this is a slowly growing neurofibroma? The 
neurofibroma is radioresistant. Later the growth became sarcoma with invasion 
of the bone. 

0. C. Julian: No special stains for the tissues of neurofibroma were made, 
but palisades of cells were not a special feature. There were no mctastascs. 

Kodachrome Films for Teaching Pathology. S. A. Levinson, W. O. Brown 
and J. R. Thompson. 

The advantages of Kodachrome films of fixed and unfixed pathologic tissues 
for teaching purposes were illustrated and discussed. 


Histology of the Pituitary of the White Rat After Injection of an 
Estrogen. Arthur Weil and Bernhard Zondek. 

Injections of dimenformon (estradiol benzoate) into white rats twice each 
week over long periods produced the following changes in the pituitary : With 
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120,000 mouse units, administered during nine to twelve weeks, the anterior lobe 
was enlarged to about one and a half times its normal size. There was mild 
swelling of the cells of the three different t 3 'pes. The proportion of eosinophilic 
cells was 30 to 35 per cent as compared with 38 to 32 per cent in controls given 
injections of olive oil. With 000,000 mouse units, injected during seventeen to 
thirty weeks, the anterior lobe was enlarged to about twice its normal size. 
There was a mild increase in its vascularit}'. In all of the three types of cells, 
which were moderatel}' swollen, the Golgi apparatus was markedl}’^ enlarged and 
contained a coarse granular debris. The proportion of eosinophilic cells was 
diminished to 21 to 28 per cent. With 780,000 mouse units, injected during 
thirtj’--two to sixty-three weeks, the anterior lobe was three to four times its 
normal size and attained a maximal weight of 100 mg. The interlobular cleft 
was markedl}" widened. There was a marked increase in vasculariU'', which in 
some rats led to intralobular hemorrhages and death. The cells of all the three 
tj'pes were swollen, the Golgi apparatus was maximalh' dilated, and most of the 
chromophils were without granules. The pars intermedia and the pars nervosa 
were not directly affected bj' the injected estrogenic drug. In the last two 
groups the\’ were compressed b}' the enlarged anterior lobe. In the cases in 
which the changes were advanced the pars nervosa had a loss of cells and an 
increase in glia fibers. Compression of the In’pothalamus led to atrophy of the 
median eminence and of the supraoptic nuclei. Compression of the anterior cere- 
bral arteries was followed b\- thrombus formation and softening in the frontal 
lobes. 

Pri.wary Figromy.xoma of Tiin Heart. Howard G. Bexjamix. 

All tumors of the heart are rare, but primary tumors are much less frequent 
than secondary tumors, the ratio being about 1:16. Secondary tumors, observed 
in 0.5 per cent of 40,000 necropsies, affect the right side of the heart more fre- 
quently than the left. Primary tumors, observed in 0.03 per cent of 40,000 necrop- 
sies are more commonly benign than malignant, the ratio being about 3:1. They 
involve the left side of the heart more often than the right. The most common 
primary tumor is the myxoma (including fibromy.xoma, elastomyxoma and other 
types), which comprises about 45 per cent of all primary cardiac tumors. It 
occurs at any age and about equallj' with respect to the sexes. The left auricle, 
especially the interauricular septum in the region of the fossa ovalis, is the usual 
site. The tumor frequently forms a pedunculated intra-auricular mass, which 
may produce a ball valve obstruction of the mitral orifice. The symptoms and 
signs of any cardiac tumor, primary or secondary, depend on the size and the 
location of the growth with special reference to the conduction mechanism of 
the myocaridum and to the orifices of the valves and of the great vessels entering 
the heart. 

A white youth aged 17 complained of increasingh" severe dj’spnea and of 
generalized weakness. Hemopt 3 'sis, fainting spells and edema of the ankles 
occurred. His illness followed an infection of the upper respiratory tract and 
lasted three weeks. He had dyspnea, c 3 'anosis, an apical presystolic thrill and 
murmur, an apical systolic murmur transmitted to the a.xilla, an accentuated 
pulmonic second sound, a pulse rate of 132 with a deficit of 12, and signs of heart 
failure. Death occurred suddenl 3 ’’ eleven hours after he had entered the hospital. 
Autopsy demonstrated a pedunculated cellular fibrom 3 'xoma of the left auricle, 
producing ball valve obstruction of the mitral orifice and the changes of cardiac 
decompensation, such as h 3 "drothorax, hydropericardium, pulmonar 3 " edema and 
passive hyperemia of the lungs, liver and spleen. Microscopic examination 
revealed no evidence of rheumatic or other disease of the heart. 

' DISCUSSIOFT 

H. G. Benjamin : Metastatic growths of the heart are usually in the right 
ventricular tissues, probably owing to the vascular distribution. 
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Manual of Veterinary Bacteriology. Raymond A. Kelser, D.VAI., A.M., Ph.D. 

Third edition, thoroughly revised. Cloth. Pp. 640, with 93 illustrations. 

Price $6. Baltimore ; Williams & Wilkins Company, 1938. 

That Reiser’s Manual has proved a useful addition to the limited list of satis- 
factory veterinary textbooks is attested b}' the fact that the present volume is the 
third edition in ten years. 

The contents are presented in well ordered sequence. After a concise intro- 
ductory chapter on the histori'' of bacteriology, the author takes up the morphology, 
physiology and classification of bacteria. The classification is that proposed by 
the Society of American Bacteriologists, as incorporated in the 1934 revision of 
Bergey’s Manual. 

Chapters 3 to 7, inclusive, deal with the microscope, sterilization, preparation 
of culture mediums, methods of artificial culture and the staining and microscopic 
study of bacteria. Ne.xt, the basic principles of immunization and hypersensitive- 
ness are described. The tuberculin reaction, however, is barely mentioned. The 
importance of the tuberculin test in veterinary medicine leads one to expect at 
least a brief discussion of the theories concerning this phenomenon. Nor are 
references to literature in which the student might find this information given. 

The chapter on bacterial variation is competently written; the impressive list 
of references indicates that the recent literature has been surveyed. The dissocia- 
tion of Mycobacterium tuberculosis should have been included in the consideration. 

Twenty chapters are then devoted to the pathogenic bacteria of etiologic sig- 
nificance in diseases of the lower animals. The pathogens responsible for important 
infectious diseases of human beings are not described, since the author considered 
such bacteria outside the scope of the text. Generally speaking, the respective 
species of bacteria are adequately considered for classroom purposes, but there 
are some shortcomings. The most important of these is the failure to bring 
portions of the text into conformity with the more recent literature. For instance, 
exceptions might be taken to the statement that a number of strains of Erysipelo- 
thrix rhusiopathiae “will produce small amounts of acid from glucose and lactose’’ 
when the data available indicate that all strains of this organism produce acids 
from these carbohydrates. Although the salient facts concerning Brucella abortus 
are adequately considered, the pathogenicity of Brucella suis (except for guinea 
pigs) should have been stressed more. The fact that this organism occasionally 
produces lesions in swine and the possibility that employees of slaughterhouses 
may contract brucellosis from infected carcasses of swine are of importance to 
the public health and should have been discussed at least briefly. In the considera- 
tion of Actinomyces necrophorus, exception should be taken to the statement 
that this organism is the cause of so-called lip and leg ulceration of sheep. 
Observations by competent investigators (1934 and before) indicate that the 
lesions of the mouth, at least, are due to a filtrable virus, with A. necrophorus 
playing the role of a secondary invader. In fact, the evidence available raises 
doubts whether or not A. necrophorus is ever the primary factor in many of the 
lesions in which it is found. 

In the section on Myco. tuberculosis it is stated that tuberculosis of dogs and 
cats is usually due to the human type of organism ; as a matter of fact, dogs are 
probably equally susceptible to the bovine organism, and the type of infection 
acquired depends on the circumstances of their exposure. Whether cat's are 
susceptible to the human type of infection is problematic. In the cases of tuber- 
culosis of the cat reported, the disease has been due without exception to the 
bovine organism. 
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Among the methods suggested for the isolation of Myco. tuberculosis the 
newer procedures are not mentioned, and in considering the cultural requirements 
of the bovine form of the organism it is inferred that a glycerinated medium is 
satisfactory. Experience in isolating this organism from the tissues of naturally 
infected cattle indicates definitely that most bovine strains of Myco. tuberculosis 
are nongb'cerophilic. The statement that in tuberculous chickens pulmonary 
involvement is quite infrequent is likewise at variance with many observations. 
In view of the marked reduction of tuberculosis in cattle during the past decade, 
one might well disagree with the author in his opinion that the bovine type of 
M 3 X 0 . tuberculosis is the common cause of tuberculosis in swine. The reports of 
several investigators indicate that the avian tj'pe of the organism is responsible 
for a large proportion of the tuberculous disease in swine. A discussion of 
heterologous sensitization to tuberculin would also have been of value. 

Four chapters are devoted to the pathogenic fungi, and there are 53 well written 
pages on the protozoa, including the technical methods best suited to the study of 
these organisms. It is regrettable, however, that Trichomonas foetus was not 
included. 

A. chapter deals with the various filtrable viruses. This chapter contains a 
large amount of information on an increasinglj'^ important group of animal diseases. 
The subject is ably presented, and the conclusions are conservative. 

The last 4 chapters deal with practical serologic tests and otlier methods for 
clinical examination of the blood. A consideration of the blood of the domestic 
chicken is not included. There arc also descriptions of methods for the preparation 
of biologic products used in vetcrinarj' medicine and of the standard methods 
for bacteriologic e.xamination of milk and water. 

The index is adequate. A check of 30 bibliographic references taken at random 
revealed a few errors of minor importance. The size of the edition has been 
increased by 88 pages. 

While this book has certain shortcomings, the desirable qualities outweigh any 
deficiencies or errors. The new edition merits a warm reception by teachers and 
students of veterinary medicine. 

Les meningo-neurobrucelloses. Henri Roger and Yres Poursines. Paper. 

Pp. 248. Price 65 francs. Paris: Masson & Cie, 1938. 

The senior author of the book is an outstanding authority on brucelliasis as 
it affects the nervous system. Since 1923 he and his collaborators have published 
twenty-seven papers on this subject. The increasing number of reports dealing 
with effects of brucelliasis on the nervous sj-^stem published in recent years indi- 
cates that such forms of the disease either passed unobserved or were given little 
consideration in the past. 

The first chaper of the book is devoted to the general conception of the problem 
of brucelliasis in animals and in man. One will not find here a very complete 
and up-to-date review of this phase of the subject. However, the discussion per- 
taining to the clinical manifestations of the disease in man is worthy of study. 
In the succeeding ten chapters the authors have brought together the published 
observations scattered through the literature and combined them witli their own 
extensive observations, with the result that there is here afforded a comprehensive 
analysis of tlie effects of Brucella infection on the central and peripheral nervous 
system. The effects of the disease on each of the principal anatomic parts of the 
nervous system are discussed in a separate chapter. Due consideration is given 
to the clinical diagnosis, the prognosis and the therapeusis of nervous forms of 
the disease. The authors note that the neurologic manifestations seldom if ever 
appear early in the disease; that the clinical symptoms may present a changing 
pattern. A large number of the severe forms terminate fatally; others may be 
observed as mental disturbances of indefinite duration. 

The information contained in the book should be a valuable guide to those 
interested in the neurologic aspects of the disease. It is obvious that one should 
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not neglect to consider brucelliasis when the causes of a disease of the nervous 
system are sought for in many patients. There is appended a bibliography con- 
taining 238 references, most of which pertain to published observations on neuro- 
brucelliasis. 

Pathologische Histologie: Ein Unterrichtskurs fiir Studierende und Arzte. 
Dr. Max Borst, Professor der allgemeincn Pathologic und der pathologischen 
Anatomic an der Universitiit Mimchen. Third edition. Paper. Pp. 522 with 
361 illustrations. Price 75 marks. Berlin: Julius Springer, 1938. 

The first edition of this book was published in 1922; the second, in 1926. It 
grew from 371 pages to the present size. The number of illustrations rose from 
240 in the first edition to 275 in the second and to 374 in the present. On the 
title page mention is made of 361 illustrations but in the text this number of illus- 
trations is increased by 13 insertions. All but 19 illustrations are colored. The 
introduction is a profound, fascinating philosophic analj'^sis of histopathology and 
of the part played by the histologist in the practice of medicine. The subject is 
treated according to anatomic principles, in 10 chapters but for the neoplasms, 
which are presented collectively in the final (eleventh) chapter, containing 137 
pages. The first 2 chapters deal with the organs of circulation and with the blood 
and blood-forming organs; then follow chapters on the organs of respiration and 
digestion, on the urinary, genital and nervous system, on organs of locomotion, 
on the skin and on the glands of internal secretion. Each chapter opens with a 
concise but clear presentation of the normal histologj'. While histopathology is 
stressed, the general pathology and pathogenesis of each subject are considered as 
e.xhaustively as the size and purpose of the volume permit. The microscopic 
changes are correlated with the gross pathologic observations and frequently also 
with clinical manifestations. The pictures were drawn by W. Freytag from 
original preparations; they are well chosen and excellently e.xecuted. A valuable 
feature is the thorough te.xtual analysis of minute details of the pictures. Recent 
developments are discussed. There are no references. The paper and print are 
good. A well organized index fills 15 pages. The book can be recommended 
warmly to all students of histopathologj'. 

The Chemistry of Antigens and Antibodies. By J. R. Marrack, D.S.O., M.C., 
M.D. Paper. Pp. 194, with illustrations. Price 3 shillings. Medical Research 
Council, Special Report Series, no. 230. London: His Majesty’s Stationery 
Office, 1938. 

This monograph is a new edition of special report 194, revised and enlarged. 
The aim in this, as in the first edition, is to apply physicochemical principles and 
methods to the study of the nature of immune reactions. The general plan of the 
book remains the same. It contains, as before, five chapters, each of which has 
been extensively revised. In the first chapter, on physicochemical considerations, 
the main change is in the discussion of recent theories of protein structure. 
Chapters 2 and 3, on the nature of antibodies and the specificity of antigens, 
respectivel}^ have been considerably enlarged and brought up to date. The most 
extensive additions have been made to chapters 4 and 5, on the nature of antigen- 
antibody reactions. This volume, like its predecessor, represents the best attempt 
this reviewer has seen to apply chemical and physicochemical principles to the 
solution of immunologic problems. It should prove of great value in stimulating 
students of immunology to appl}’- physicochemical methods to the study of the 
mechanism involved in antigen-antibody reactions. There are extensive references 
to the original literature for those interested in following the advances being made 
in this fascinating field. 
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Clinical Biociiejiistry. Abraham Cantarow, M.D., Associate Professor of 
Medicine, Jefferson Medical College; Biochemist, Jefferson Hospital. !Max Trum- 
per, Ph.D., Clinical Chemist and Toxicologist; formerly in charge of the Labora- 
tories of Biochemistr}' of the Jefferson iledical College and Hospital. With a 
foreword by Hobart A. Reimann, M.D., Professor of ^Medicine, Jefferson Medical 
College. Second edition, revised. Cloth. Pp. 666. Price S6. Philadelphia : 
W. B. Saunders Company, 1939. 

The General Tissue and ITumoral Response to an Avirule.vt Tubercle 
Bacillus Including Growth Characteristics of the Organism. Sol Roy 
Rosenthal, M.D., Ph.D., Associate in Bacteriology and Public Health. Joint 
Contribution from the Tice Laboratories of the City of Chicago Municipal Tuber- 
culosis Sanitarium and the College of jMedicinc of the University of Illinois. 
Illinois l^Iedical and Dental Monographs, vol. 2, no. 2. Paper. Pp. 184, with 
80 illustrations. Price S2.50. Urbana: University of Illinois Press, 1938. 

Crystalline Enzymes. The Chemistry of Pepsin, Trypsin, and Bac- 
teriophage. John H. Northrop, Member of the Rockefeller Institute for Medical 
Research. Cloth. Pp. 176, with 48 illustrations. Price S3. New York: Colum- 
bia University Press, 1939. 

Angina Pectoris. Nerve Pathways, Physiology, Sy.mpto.matology, and 
Treatment. H. R. Miller, M.D., Attending Physician, Sydenham Hospital; 
Associate Attending Physician, iMontefiore Hospital, New York City. Cloth. 
Pp. 275, with 39 illustrations. Price S3.25. Baltimore : William Wood & Com- 
pany, 1939. 

Failure of the Circulation. Tinsley Randolph Harrison, M.D., Associate 
Professor of Medicine, Vanderbilt Universitj', School of Medicine, Nashville, 
Tenn. Second edition, revised. Cloth. Pp. 495, with 60 illustrations. Price 
§4.50. Baltimore: Williams & Wilkins Compaii}', 1939. 

By-Effects in Salvarsan Therapy and Their Prevention with Special 
Reference to Liraa Function. V. Genner. Paper. Pp. 360. Copenhagen: 
Levin & Munksgaard, 1936. 

Twenty-Ninth Annual Report of the Charles V. Chapin Hospital, 
Providence, R. I., for the Year Ending September 30, 1938. Paper. Pp. 82. 
Providence : The Oxford Press, 1938. 
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ACCESSORY ADRENAL CORTICAL TISSUE 
ARTHUR A. NELSON, M.D., Ph.D. 

WASHINGTON, D. C. 

An accumulation of accessorj’^ adrenal cortical tissues from 19 
persons, together with the unorganized state of the literature on this 
subject, has prompted the writing of this paper. Ten of these 19 
specimens of accessor}- cortical tissue were found in the immediate 
vicinity of testes; 6 of these 10 specimens were obtained from adults, 
making this the largest group of the kind reported ; 1 specimen was of 
tumor proportions and apparently the largest mass of this type yet 
observed in this situation. 

Accessory adrenal tissue in the near vicinity of the adrenal was 
first described by Morgagni,^ in 1740. Accessory adrenal cortical tis- 
sue at a distance from the adrenal was first described by Marchand," 
in 1883. Over a period of seven years iSIarchand found yellow nodules, 
from 1 to 3 mm. in diameter, in the free edge of the broad ligament 
near the ovaty in 5 newborn and older infants, and in a fetus of 5 
months he found a similar nodule on each side between the lower pole 
of the kidney and the broad ligament; microscopically these nodules 
had the structure of adrenal cortex. Reports by eight other authors 
of the finding of accessory adrenal tissue in the broad ligament, in 
adults as well as in newborn infants, published up to 1900, were listed 
by Aichel,® who described several such observations of his own in 
fetuses and newborn infants. 

Chiari,'^ one year after iSIarchand, was the first to describe accessory 
cortical adrenal tissue at a distance from the adrenal in adults. In 
men of 23 and 34 years and in a woman of 30 years he found accessory 
nodules below the lower pole of the right kidnej'-, in the vicinity of 
or lying on the spermatic and ovarian veins ; in a woman of 48 years 
there was a nodule on the right side anterior to the ovarian veins at 

From the National Institute of Health. 

1. Morgagni, G., cited by Wiesel, J. ; Sitzungsb. d. k. Akad. d. Wissen.sch. 
Math.-naturw. Q. (Abt. 3) 108:257, 1899. 

2. Marchand, F.: Virchows Arch. f. path. Anat. 92:11, 1883. 

3. Aichel, O.: Arch. f. mikr. Anat. 56:1, 1900. 

4. CWari, H.: Ztschr. f. Heilk. 5:449. 1884. 
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the level of the jinea terminalis of the pelvis, and on the left side, two 
nodules in the broad ligament. All of these nodules varied from 
submaxillary to pea size. In the same )'ear d’Ajutolo ^ reported a cherry- 
sized nodule on the spermatic cord of a newborn infant, just above the 
internal ring. 

The first to describe accessor}' adrenal cortical tissue in the near 
vicinity of the testis was Dagonet,® in 1885 ; in a 21 day old infant he 
found two accessories, each 3 mm. in diameter, one on the internal 
spermatic plexus (side not stated) and one between the right testis 
and the epididymis. Other reported cases of accessory adrenal tissue 
near or in the testis or ovary will be considered later. 

The cases of accessory adrenal cortical tissue reported before 1900 
were reviewed by Wiesel ' and Aichel.^ Weller ® reviewed the 13 
reported cases (to 1925) of true renal or hepatic adrenal heterotopia 
(no adrenal except the inclusion present on that side) and added 4 
cases of his own. 

Jaft'e in his review ° and Goldzieher in his book on the adrenals 
mentioned accessory tissue only briefly. 

SYSTEMATIC STUDIES OF OCCURRENCE OF ADRENAL ACCESSORIES 

No systematic study of human material with respect to the occur- 
rence of accessory adrenal cortical tissue in all locations where it 
might be reasonably expected to occur has ever been published. There 
are a few reports of studies of one particular region in more or less 
large numbers of cases. Schmorl reported finding small masses (three 
in one case) of adrenal cortical tissue just under the capsule of the 
right lobe of the liver, close to the adrenal, in 4 of 510 persons 
examined post mortem within a period of seven months; 2 of these 
were men of 24 and 56 years and 2 were women of 36 and 37 years; 
most of the masses were of pinhead size, while the largest was lentil 
size. Schmorl also found a pea-sized nodule just outside the external 
inguinal ring on the right spermatic cord of a man 30 years of age. 

Concerning the occurrence of accessory tissue in the kidney, 
Lubarsch briefly stated that he had found adrenal cortical tissue in 

5. d’Ajutolo, G. : Arch, per le sc. med. 8:283, 1884. 

6. Dagonet, J. : Ztschr. f. Heilk. 6:1, 1885. 

7. Wiesel, J. : Sitzungsb. d. k. Akad. d. Wissensch. Math.-naturw. Cl. (Abt. 3) 
108:257, 1899. 

8. Weller, C. V.: Am. J. M. Sc. 169:696, 1925. 

9. Jaffe, H. L. : Arch. Path. 3:414, 1927. 

10. Goldzieher, M. : The Adrenals, New York, The Macmillan Compan}^ 1929. 

11. Schmorl, G. : Beitr. z. path. Anat. u. z. allg. Path. 9:523, 1891. 

12. Lubarsch, O. : Virchows Arch. f. path. Anat. 135 : 149, 1894. 
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the kidney in 8 of 300 bodies and "much more frequently” along the 
adrenal and internal spermatic veins. Glynn found no accessory 
tissue in 1,500 kidneys. Brites examined the kidneys of 376 bodies 
and found accessory adrenal cortical tissue in 10; later he found none 
in 1,100 human kidneys, 1,060 sheep kidneys, 34 goat kidneys and 58 
beef kidneys. My own 5 examples were found among 630 persons 
examined post mortem. McLennan,^® examining the hernial sacs 
removed at operation from 700 children (660 of whom were boys), 
found nodules of adrenal cortical tissue embedded in the walls of 6 
of the sacs. These nodules were near, but not attached to, the spermatic 
cord. He had not seen any such nodules in adults. 

The only reported systematic study of the testes for the presence 
of accessory adrenal cortical tissue is that of Wiesel." who examined 
15 pairs of testes and epididymides from newborn infants and an equal 
number from children over 1 year of age and adults. In 13 of the 
newborn infants bits of accessory tissue were found on one side (9 
on the right, 4 on the left) and in 5 on both sides ; thus, in 23 (76.5 
per cent) of the 30 gonads altogether. The most common location was 
in the connective tissue around the tail of the epididymis. No fully 
developed accessory tissue was found in the testes of the children and 
adults, although in the younger persons especially, Wiesel stated, he 
could find cell masses and strands which had somewhat the appearance 
of adrenal cortex and which could be thought of as being in a stage 
of regression. 

ACCESSORY ADRENAL CORTICAL TISSUE IN ANIM.\LS 

The occurrence of accessory adrenal cortical tissue in animals has 
been known since at least 1887, when Canalis found among 40 rabbits 
2 adrenal accessories of rice grain size, each on the right side, near 
the mouth of the renal vein; these were composed of cortical tissue 
only. Wiesel ‘ found adrenal accessories in about 50 per cent of rats, 
and more in sexually active than in very young or very old rats. 
Jaff e ® found gross accessories in about 8 per cent of normal rats and 
in from 20 to 25 per cent after double adrenalectomy ; these accessories 
were always situated near the main glands, and Jalfe could find none 
in the region of the testis, vas and epididymis. Microscopically he 
could find accessories on serial section of the retroperitoneal tissues in 

13. Gh*nn, E. E.; Quart. J. Med. 5:157, 1912; J. Obst. & Gvnaec. Brit. Emp. 
28:23, 1921. 

14. Brites, G. ; Folia anat. univ. conimb. 10:1, 1935. 

15. McLennan, A.: Surg., Gj'nec. & Obst. 29:387, 1919. 

16. Canalis, P. : Internat. Monatschr. f. Anat. u. Ph}'siol. 4:312, 1887. 
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70 per cent of rats before sexual maturity. Marine and Baumann 
reported gross accessories in 70 per cent of rablnts after adrenalectomy. 

The constant occurrence of adrenal cortical tissue within the genital 
tract of both the male and the female rabbit has been recently estab- 
lished by Lacassagne and Nyka.^® In every one of 10 adult male 
rabbits a nodule of adrenal cortical tissue was found, usually in the 
adipose tissue around the posteroinferior portion of the head of the 
epididymis at the level of the junction of the rete testis and efferent 
ducts; it was on the right side in 5, on the left in 4 and bilateral in 1. 
In 10 female rabbits serial sections of the adnexae showed a similar 
structure in all, 8 times on the right side, once on the left, and once 
bilaterally. 

FREQUENCY OF OCCURRENCE OF ACCESSORY TISSUE 

A Statement whicli has been frequently quoted, often at second 
hand and often in various erroneous forms, and which deserves some 
explanation at this time, is to the effect that Schmorl found accessory 
adrenals in 92 per cent of all bodies. Such a statement without further 
qualification might well give rise to the idea that these were accessory 
adrenals at some distance from the main glands and that one or more 
such bodies could be found in nearly every cadaver. This statement 
or references to statements based on it may be found in such current 
sources of information about the adrenals as Goldzieher and 
Ewing.^® In these and in various papers on accessory adrenals eventual 
reference is made to a jjaper by Schmorl appearing in volume 9 of the 
Beitrdge ziir pathologisclien Anatomie xmd cur allgemeinen Pathologic 
for the year 1891. The fact is that in this particular paper Schmorl 
made no such statement. However, in the same number of that 
journal, in a paper concerning tumors thought to arise from adrenal 
rests, by Beneke,-® the statement is made that die “Versprengung"' von 
Nebenmerenkeimen findet sick, zoic ich von Herni CoUegen Dr. 
Schmorl anf Grand eiiier von ihm aufgestellfen Statistik ct~fahre, bei 
92% aller Leichen, meisf in der ndchsten, aber auch in dcr zuciieren 
Umgebung der N ebennieren. . . , (The “scattering" of adrenal 

I'ests, as I learned from Dr. Schmorl, on the basis of statistics com- 
piled by him, is this — that adrenal rests are found in 92 per cent of all 
bodies, usually in the immediate vicinity, but also in the more distant 
vicinity, of the adrenals.) During the next few years this statement 

17. Marine, D., and Baumann, E. J. : J. Metab. Research 1:777, 1922. 

18. Lacassagne, A., and Nyka, W. : Compt. rend. Soc. de biol. 118:1406, 1935; 
121:95, 1936. 

19. Ewing, I- : Neoplastic Diseases, ed. 3, Philadelphia, W. B. Saunders 
Company, 1928. 

20. Beneke, R. : Beitr. z. path. Anat. u. z. allg. Path. 9:440, 1891. 
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was misquoted on so many occasions that Rossa asked Schmorl 
liiinseH about it and discussed it and the misquotations of the latter’s 
paper. According to Rossa. Schmorl found accessory adrenal tissue in 
92 per cent of “a large number” of bodies, nearly all of adults ; included 
were those accessories in the immediate vicinity of the adrenal, in the 
strands of the solar plexus and along the adrenal and spermatic veins, 
but not those in the renal cortex or the under surface of the liver ; in 
all doubtful cases microscopic examination was done. The important 
fact is that no figure for each separate location was given; in all 
probability, the great majority of the 92 per cent were accounted for 
by those in the immediate vicinity of the adrenal, and accessory adrenal 
cortical nodules at any distance from the adrenal will undoubtedly be 
found to occur in far less than 92 per cent of bodies of all ages. 

ACCESSORY TISSUE WITHIX THE TESTIS OR OVARY 

In all the reported cases of accessory adrenal cortical tissue in the 
vicinit}’ of the testis and epididymis, the tissue has been situated in the 
mediastinum testis, the tunics of the testis, the connective tissue between 
the testis and the epididymis, near the epididymis or within the epi- 
didymis (a few cases). No one has yet reported a case of adrenal 
tissue situated deep within the testis, and only R. Meyer -- has reported 
an instance in wliich the accessor}- tissue appears to be underneath the 
tunica albuginea : this was a small nodule in a fetus. Two of Wiesel's " 
accessory nodules in newborn infants were within the epididymis, among 
the tubules : Kirkbride illustrated an accessory nodule among the 
ducts of the epididA-mis in a newborn infant ; IMarsella did the same 
for a man 37 years of age. 

In the ovary, adrenal cortical tissue was first reported by Lodi,-® 
in 1902. He found nodules from pea to hazelnut size in tlie ovaries 
of a woman who had been pregnant fourteen times. Some of tlie 
nodules had masses of fibrin in their centers, making it probable that 
these were masses of lutein cells. Marchetti found, among 1,200 
autopsies, Avhat he thought were 2 small masses of adrenal cortical 
cells near a cyst in an ovan,- from an adult woman. Varaldo in the 
same year reported rests. 5 to 7 mm. in diameter, in the ovaries of 3 
women from 30 to 41 years of age (1 in eacli instance). These were 

21. Rossa. E.; Ardi. f. Gynak. 56:296. 1898. 

22. Meyer. R. : Ztschr. f. Geburtsh. ii. G^ak. 71:221, 1912. 

23. Kirkbride. M. B. : Arch. f. Entwcklngsmechn. d. Organ. 32:717, 1911. 

24. !Marsella. A.; Arch. ital. di nrol. 11:281. 1934. 

25. Lodi, M. : Arch. ital. de biol. 37:486. 1902. 

26. Marchetti, G. : Virchows Arch. f. path. Anat. 177:227, 1904. 

27. A'araldo, F, : Arch, di ostet. e ginec. 11:725, 1904. 
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also near cysts. Jessup found a circular group of cells in the cortex 
of an ovary from a 16 day old giid. The outer cells resembled the zona 
glomerulosa of the adrenal cortex ; the inner, the zona fasciculata. There 
is no illustration and no mention of a fat stain. Berger, ='•’ in reporting 
a case of pheochrome tissue in the ovarian hilus of a newborn infant, 
stated briefly that he had seen adi'enal cortical tissue three times in the 
testis and thirteen times in the ovary; details of the exact locations he 
did not give. 

ADRENAL TISSUE IN HEAD REGION 

A unique case is that I'eported by A. W. Meyer,*” who found an 
encapsulated nodule, 0.8 by 1.5 cm., attached to the spinal portion of 
the eleventh cranial nerve. Microscopically it had the appearance of 
adrenal zona glomerulosa and zona fasciculata with medulla-like cells 
in the center. The capsule contained masses of chromaffin cells and 
a bundle of striated muscle. 

TUMORS ARISING FROM ACCESSORY ADRENALS 

Following the idea of Grawitz in 1883 that renal hypernephroma 
arises from accessory adrenal tissue, investigators similarly described 
tumors in other locations, especially tumor in the ovary. The most 
thorough articles on this subject were contributed by Glynn. He 
accepted only 1 case, that observed by Bovin,** as an instance of a 
tumor arising from an adrenal rest. In this case a tumor in the broad 
ligament of a woman of 28 years caused amenorrhea and the develop- 
ment of a beard. Menstruation returned after removal of tumor; the 
beard persisted. Kolodny ** reported the case of a 37 year old woman 
whose amenorrhea and hirsutism were relieved by removal of a 1,250 
Gm. retroperitoneal epigastric tumor, which was invading the stomach ; 
histologically the tumor was composed of wide anastomosing strands 
of large clear cells containing abundant lipoid droplets and resembling 
the zona fasciculata of the adrenal. However, the patient died seven 
months after operation, with pulmonary metastases ; an autops}'’ was 
not mentioned. Saphir and Pax'ker *■• reported another case of adrenal 
virilism in a girl of 15 years; here it was thought that a small nest of 
cells in the right ovary, resembling adrenal cortex, might have been 
responsible. 

28. Jessup, D. S. D. : Proc. New York Patli. Soc. 13:67, 1913. 

29. Berger, L. : Arch, d’anat. micr. 32:315, 1936. 

30. Meyer, A. W. : Anat. Rec. 12:43, 1917. 

31. Grawitz, P. : Virchows Arch, f. path. Anat. 93:39, 1883. 

32. Bovin, E. : Nord. med. Ark. (sect. 1), 1908, vol. 41, no. 15. 

33. Kolodny, A.: J. A. M. A. 102:925, 1934. 

34. Saphir, W., and Parker, M. L. ; J. A. M. A. 107:1286, 1936. 
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PERSONAL OBSERVATIONS 

I wish to report 10 examples of accessory adrenal cortical tissue 
(1 of tumor proportions) in the near vicinity of the testis, 5 of accessory 
tissue under the capsule of the kidney, 2 of such tissue on the spermatic 



Fig. 1 (case 1). — A, section showing the closeness of the adrenal cortical nodule 
to the testicular tubules ; X 75. B, interior of tumor ; X 75. 

cord and 1 of such tissue in the broad ligament. The first, an acces- 
sory adrenal cortical nodule, 1.7 cm. in diameter, enclosed in the tunica 
albuginea of the testis, is presented through the courtesy of Dr. G. L. 
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Berdez, pathologist of St. Mary’s Hospital, Duluth, Minn. This nodule 
appears to be the largest of its type yet observed in this situation. 

Case 1. — A Jew, a man 35 years of age, noted a small tumor of the right 
testis three years prior to examination; the nodule did not grow, but he became 
worried about it ; his father had died at the age of 36 from a malignant growth of 
the testis. Ph 3 'sical examination showed a firm smooth mass, about 1 cm. in 
diameter, at the lower pole of the right testis; this mass seemed to be a part of 
the testis, but its outline was easily determined; it was not painful to palpation. 
At operation it was found to be encapsulated and was easily shelled out. Gross 
examination showed an almost spherical tumor, 1.7 cm. in diameter, covered by 
a thin fibrous capsule. On cut section the tumor tissue was of moderately firm 
consistency and bright j'ellow. Microscopic examination showed that the tissue 
was formed b}' cords of large and medium-sized polyhedral cells with foam 3 ' 


Table 1. — Accessory Adrenal Cortical Nodules Near Testes 


Oaso 

Age, 

Yr. 

Cause of Death 

Side 

Size, 

Aim. 

Comment 

Atrophy of 
Testis 

2 

44 

Carcinoma of prostate.. 

n 



Moderate 

3 

42 

(Operative specimen) 

(Premature, l.OTiO Gm.).. 

R 

O 


Very marked 
None 

4 

New- 

7 

1 each (2) 



bom 


5 

New- 

(Stillborn, 3,270 Gm.).... 


!..*> 


None 


born 


6 

C3 

Carcinoma of bladder... 

Bilat- 

eral 

• R^l X 2 
ly— -1.5 X 3 

Moderate regression 

Alarkcd 

7 

5 

Lymphatic leukemia 

? 

1 

Slight regression 

None 

s 

71 

Osteogenic sarcoma 

L 

0..'; X 1 

Marked regression 

Moderate 

9 


Hydronephrosis 

7 

0..'> 

Moderate regression 

None 

10 

01 

Pernicious anemia 

L 

1 X 2 

Marked regression 

Alarkcd 

n 

47 

Careinoma of moutli — 

? 

1.5 X 2 

Jlodcrate regression 

Moderate 

reticulated 

C3doplasm and nuclei 

and 

nucleoli of 

moderate size. 

There was a 


ver 3 ' marked resemblance to adrenal cortex. Groups of cords were separated 
by thin and thick fibrous septuras. Onb"^ few mitoses were seen. Sections stained 
with scarlet red showed the cells heavily loaded with fat; the sections grossly 
were of a deep red color. The pathologic diagnosis was “cortical adrenal adenoma 
of the testis.” Figure 1 A shows how closely the tumor tissue approached the 
testicular tubules, and figure 1 B gives a better view of the tumor tissue. 

The remaining examples are from autopsy and surgical material 
received at the National Institute of Health and from material obtained 
at autopsies made b)'' myself at the University of Minnesota. Sections 
of the testes and epididymides were made without regard to the pos- 
sible presence of adrenal rests, and for this reason it is difficult to give 
the exact frequenc}^ of these bits of accessor}^ tissue ; this would require 
serial sectioning. None of these nodules were noted grossly. The 5 
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cases of acccssorv tissue under the capsule of the kidney and that of a 
nodtile in the broad ligattteut were encountered among: 6d0 avttopsies 
made by me: here, of tx^urse. the surface of each kidney was inspected 
according to routine and a definite figure for the incidence of accessory 



Fig, 2. — .i. adrenal cortical nodule adjacent to testis (case ,3) ; x T. adrenal 
cortic;i! nodule adiacent to testi« (case 21 ; X 1?- 

nodutes can be given: as previom'^ly mentioned, it agrees fairly well 
with the figures reported in the literature. 

In all 10 cases listed in table 1 (case 1 is not included') the accessory 
adix'ual cortical nodule was found in one general location, namelv. 
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either within or just outside the tunica albuginea and either behind 
or just above or below the rete testis (fig. 2A and B). In 4 of the 
10 cases the nodule showed microscopically the typical structure of 




Fig. 3. — A, high power view of accessory nodule, showing appearance identical 
with that of zona fasciculata of adrenal corte.x; (case 2) ; X 220. B, adrenal 
cortical nodule undergoing regression (case 9) ; X 180. 


adrenal cortex (fig. 3 A) ; in the other 6 instances there were fibrotic 
and atrophic changes varying from slight to marked in degree ; such 
changes are in all probability retrogressive, and an example of the 
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moderate type is shown in figure 35. (This was the smallest accessory 
nodule observed; more marked retrogressive changes were seen in 
larger nodules.) The cells lose more or less of their foamy appear- 
ance and of the reticulation of their cytoplasm, are smaller and appear 
much like the cells usually seen immediately under the capsule of the 
normal adrenal. They still maintain their arrangement in cords, which 
serves to distinguish them from the masses of interstitial cells often 
found in the tunica albuginea ; in the latter the cells are much less 
regular in shape and arrangement, and the masses are usually closely 
associated with nerve fiber bundles and are seldom as large as the masses 
of adrenal cortical cells. 

Table 2. — Accessory Adrcml Cortical A^odules Under Renal Capsules 


Case 

Age, Xr. 

Sex 

Cause of Death 

12 

54 

F 

Hypertension 

13 

28 

M 

Medulloblastoma 

14 

83 

F 

Carcinoma of breast 

15 

20 

M 

Cirrhosis of liver 

16 

57 

M 

Cerebral trauma 


Comment 

Each of these nodules was immediately 
under the capsule, on the superior pole of 
the kidney; they were from 1 by 2 to 
1.5 by 3 mm. in size. In case 15 two 
nodules were present in one kidney 


Table 3. — Accessory Adrenal Cortical Nodules on Spermatic Cords 



Age, 


Size, 


Atrophy of 

Case 

Xr. 

Side 

Mm. 

Comment 

Testis 

17 

50 

B 

2 

Koted on cord during herniotomy; 
verified microscopically 

9 

18 

22 

L 

1 X 1.5 

Noted on microscopic examination of 
tissues from herniotomy 

Marked 


In addition to the examples listed in the tables I have found at 
autopsy a 3 mm. yellow nodule of adrenal cortical tissue near the free 
edge of the left broad ligament in a 62 year old woman who died of 
bronchial asthma; the nature of the tissue was verified microscopically, 
as it was in the other 18 tabulated cases. 

SUMMARY 

There are here reported 19 cases of accessory adrenal cortical tis- 
sue ; in 10 of these the accessory tissue was found between the testis and 
the epididymis ; in 1 it was at the lower pole of the testis and was of 
tumor proportions ; in 5 it was under the renal capsule ; in 2 it was on 
the spermatic cord, and in 1, in the broad ligament. Fifteen of these 
19 persons were adults. A review of the literature is also given. 


35. Nelson, A. A.; Am. J. Path. 14:831, 1938. 




ACUTE POSTOPERATIVE ENTEROCOLITIS 

A STUDY ON THE PATI-IOLOGIC NATURE OF SHOCK 
ABRAHAM PENNER, M.D. 

AND 

ALICE IDA BERNHEIM, M.D. 

NEW YORK 

The chance observation of the sloughing of. intestinal mucous mem- 
brane following radical mastectomy in a patient with severe diabetes led 
us to inquire into the factors and mechanisms responsible for this 
phenomenon. With this in view we reviewed the postmortem records 
of the Mount Sinai Hospital for similar cases of acute diphtheritic 
enteritis and, in addition, searched the literature for similar observa- 
tions. The serious nature of this complication, as well as the importance 
of the mechanism involved in its production, leads us to report our 
findings. 

HISTORICAL REVIEW 

The search of the literature revealed but few reports made in suffi- 
cient detail to identify clearly the nature of the process dealt with. The 
earliest report of a case which we were able to find is that of Finney.^ 
This surgeon reported a case of benign pyloric obstruction for which he 
performed pylorectomy and gastroenterostomy. The patient apparently 
was well for the first ten postoperative days. Then bloody diarrhea 
developed, which led to a fatal outcome after five days. The postmortem 
examination, made by Dr. Simon Flexner, showed that there was no 
evidence of peritonitis but that the bloody diarrhea was due to diph- 
theritic enteritis involving the terminal ileum and colon down to and 
including the rectum, but with diminishing intensity distally. The report 
contains no microscopic description of the lesion. 

Terrier and Hartman,- in their monograph on gastric surgery, pub- 
lished in 1899, reported the occurrence of diarrhea in 7 of the 35 cases 
reported in detail in their text. This diarrhea occurred after gastro- 
enterostomy, pylorectomy or gastrectomy. However, the clinical and 
pathologic data are so scant that it is impossible to evaluate the cases 

From the Laboratories of the Mount Sinai Hospital. 

1. Finney, J. M. T. : Bull. Johns Hopkins Hosp. 4:53, 1893. 

2. Terrier, F., and Hartman, H. : Chirurgie de I’estomac, Paris, G. Steinheil, 
1899. 
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properly. Three years later Riedel ® published a report entitled “Ueber 
Darmdiphtherie nach schweren Operationem bei sehr geschwachten 
Kranken.'" He described 5 cases in which an anatomic diphtheritic 
lesion of the intestine occurred postoperatively. He recognized the 
anatomic resemblance of the intestinal lesions to those produced by 
mercury poisoning and was particularly interested in pointing out that 
the suture material used in the operations had been thoroughly rinsed 
free from anv significant amount of this substance. His first case 
occurred in 1899. The lesion involved the colon, apparently mainly 
in tlie region of the cecum. The latter was dark red and edematous 
and showed focal areas covered with a gray to grayish green membrane. 
These changes occurred after hysterectomy for fibroids in a very 
anemic, cachectic woman of 47 years, who “went into collapse’’ twenty- 
four hours after the operation and died four days later. His second 
case was that of a 52 year old woman on whom he had performed 
almost total gastrectomy for an enormous growth extending almost 
to the cardia. Diarrhea developed three days after the operation, and 
death ocairred twenty-four hours later. Autops}' showed the typical 
lesion involving the lower part of the jejunum, the cecum and the 
transverse colon, with apparently normal intestine intervening. There 
was no peritonitis in eitlier of tliese cases, and Riedel felt that they were 
not cases of infectious dysentery. His third case was one in which the 
diphtheritic lesion occurred after a Billroth 1 operation for pyloric 
stenosis resulting from drinking sulfuric acid with suicidal intent. This 
patient did not have postoperative diarrhea but died in “collapse” three 
days after the operation. Autopsy showed a diphtheritic lesion restricted 
to the ileum. There was no evidence of peritonitis. In his last 2 
cases, although the changes presented post mortem were A-pical. the 
findings were complicated by the fact that the affected loops of intestine 
had been manipulated extensively in the operative procedures. Riedel is 
particularly emphatic in his assertion that preoperative catharsis was not 
involved in the patlrogenesis of the lesion. He felt that the protracted 
operation, loss of blood and anesthesia, plus the preoperative “weakness” 
and anemia, united to make the intestine unable to resist its own contents. 
“This diphtheria of the intestine is nothing more than a superficial 
necrosis of a poorly nourished mucosa.” This anal 3 -sis represents the 
first attempt to correlate the preoperative condition and the operative 
trauma witlr the occurrence of the diphtheritic intestinal lesion. Four 
years later Anschutz,^ in discussing intestinal disturbances following 
gastric operations, presented 4 cases of the same type. In these 

3. Riedel: Deutsche Ztschr. f. Qiir. 67:402, 1902. 

4. Anscliutz, W.: IMitt. a. d. Grenzgeb. d. Aled. u. Chir. 15:305, 1905. 
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instances the lesion occurred following gastroenterostomy for a benign 
lesion or after multiple operations. In 2 of the 4 cases postoperative 
diarrhea never developed. In addition, Anschutz noted 3 cases in which 
the t)'pical postoperative diarrhea was present but in which the patient 
survived, so that anatomic confirmation of the lesion was not obtained. 
In still another case the diarrhea terminated fatally but autopsy was not 
done. Anschutz has described the lesion as necrotizing, ulcerative 
ileitis, colitis and proctitis which diminished in intensity distally. He 
attributed it to the occurrence of putrefaction in the stomach and intes- 
tines of a “cachectic'’ patient. 

The occurrence of diphtheritic enteritis was briefly mentioned by 
Wertheim,® who observed it three times in a series of 500 consecutive 
cases of radical exenteration of the pelvis for carcinoma of the cervix. 
The lesion involved the rectum and colon and was invariably asso- 
ciated with a fatal outcome. Rossle ® also noted 2 instances in which 
necrotizing diphtheroid colitis followed a pelvic operation. In one the 
radical Wertheim operation was performed; in the other, lysis of old 
pelvic adhesions led to purulent peritonitis, which terminated fatally. 
He emphasized the role played b}’’ medicated enemas in causing local 
trauma. A similar lesion involving the small intestine and cecum was 
• reported by de Rouville and Roger" in a patient subjected to hysterec- 
toni)'. In this instance diarrhea appeared on the eighteenth postopera- 
tive day and led to a fatal issue four days later. In this case several 
of the ulcerations extended deeply enough to perforate. 

Finsterer ® observed acute catarrhal enteritis and colitis following 
gastric resection in which the entire lesser curvature was removed and 
onl)’’ a small portion of the greater curvature remained. Diarrhea devel- 
oped on the sixth day, and the patient succumbed on the tenth post- 
operative day. 

The first really intensive study of this postoperative complication 
was made by Bierende.” He made a careful investigation of 7 cases. 
In 5 of these acute peritonitis was present at the time of operation 
or supervened shortly thereafter. His patients were aged from 50 to 
63 years. The operative procedures included: (1) appendectomy for 
acute appendicitis complicated by purulent paranephritis with perfora- 
tion into the pleura and emp 3 ^ema; (2) suturing of a perforated 
duodenal ulcer, which was then side-tracked by gastroenterostomy ; 
(3) Wertheim’s procedure for carcinoma of the cervix; (4) gastric 

5. Wertheim, E. : Die erweiterte abdominale Operation bei Carcinom colli 
uteri (auf Grund von 500 Fallen) Berlin, Urban & Schwarzenberg, 1911. 

6. Rossle, R. : Monatschr. f. Geburtsh. u. Gynak. 35:243, 1912. 

7. de Rouville, G., and Roger, H. : Arch. d. mal. de I’app. digestif 7:24, 1913. 

8. Finsterer, H. : Deutsche Ztschr. f. Chir. 128:514, 1914. 

9. Bierende, F. : Atitt. a. d. Grenzgeb. d. Aled. u. Chir. 32:85, 1920. 
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resection for ulcer; (5) gastroenterostomy for ulcer; (6) Witzel’s 
gastrostomy for carcinoma of the esophagus, and (7) resection of a 
large ovarian cyst. N.one of the patients had postoperative diarrhea. 
None survived for more than six days and 4 died within three days 
after the operation. In 5 of the 7 cases the diphtheritic lesion was 
restricted to the rectum; in the other 2 cases the colon was involved, 
diffusely in one, while in the other the lesion was segmentally restricted 
to the transverse colon. The most significant feature of this study lies 
in the detailed histologic observations and their correlation with the 
preoperative and postoperative status of the patient. Bierende’s anatomic 
observations were essentially the same as ours ; his analysis of these 
observations led him to consider the tissue changes as due to vaso- 
paralysis, which led to local circulatory disturbances. He believed that 
the latter, plus retention of feces, resulted in the terminal lesion. 

Goldschmidt and Miilleder noted the occurrence of uncontrollable 
diarrhea in 30 patients in a series of 500 gastric operations of various 
types. They pointed out that the clinical symptoms were identical with 
those of dysentery but that culture of the stools did not yield pathogenic 
organisms. They presented detailed records of 3 cases and noted that in 
7 others the patients recovered after presenting similar clinical features. 

Their first case involved a 61 year old man with a pyloric obstruction of ten 
years’ duration. This had finally become complete and had led to advanced 
cachexia and marasmus. Because of this, posterior gastroenterostomy was done. 
Six days later the abdominal wound was healed. On the eleventh day bloody 
diarrhea developed. Nine days later a gastrointestinal roentgenogram showed 
stenosis in the upper part of the jejunum. This was not found on laparotomy, 
which revealed a large amount of free fluid in the abdomen. The patient died 
two days later. Culture of the stool revealed no pathogenic organisms. Post- 
mortem examination revealed acute necrotizing colitis and ileitis. 

The second case concerned a 55 year old man on whom subtotal gastrectomy 
was done for scirrhous carcinoma of the antrum. Twenty-four hours after the 
operation diarrhea developed, which persisted until the patient died, one week 
later. Culture of the stool gave a negative result. Autopsy showed widespread 
croupous, pseudodiphtheritic inflammation of the lower part of the ileum, as well 
as of the colon, with increasing intensity distally. The mesenteric vessels were 
patent. The peritoneal cavity contained about a liter of blood. 

Their third case also involved a 55 year old man who had been subjected to 
subtotal gastrectomy. This was done for a duodenal ulcer and was made difficult 
by the presence of numerous adhesions. Six days after the operation diarrhea 
developed, which persisted until the man died, nine days later. Culture of the 
stool revealed no pathogenic organisms. Necropsy showed dehiscence of the 
duodenal stump with local peritonitis. In addition there was ulcerative colitis, 
with an ulcerative inflammatory lesion of the terminal ileum extending to the 
ileocecal valve. 


10. Goldschmidt, W., and Aliilleder, A. : Mitt. a. d. Grenzgeb. d. Med u Chir 
32:567, 1920. 
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In their discussion Goldschmidt and Miilleder mentioned the occur- 
rence of similar necrotizing diphtheritic colitis following operation for 
tumor of the brain in 3 cases, as well as following traumatic fracture of 
the spinal column without operation in 1 case. Cultures of the stools 
in these 4 cases showed no dysenteiy organisms. In discussing the 
pathogenesis of these lesions they emphasized the alterations in intes- 
tinal flora consequent on gastric operations. This, they believed, when 
supplemented by peritoneal and retroperitoneal hematomas and vasomo- 
tor and vasosecretory disturbances led to the morphologic changes. 

In a subsequent communication they reported the occurrence of 
identical diphtheritic colitis in 5 patients with fracture of the spinal 
column. Of these, only 1 patient was operated on. Again bacteriologic 
examination of the stool revealed no pathogenic organisms. The pres- 
ence of a hematoma of the mesentery in 1 patient led them to the 
belief that this predisposed to infection of the intestinal wall, which 
was aggravated b}’’ the vasoparal 3 'sis resulting from trauma to the 
spinal cord. 

Within the past seven years a series of case reports have appeared 
in the French literature presenting observations which superficially 
resemble those already detailed.’-- In the main they present clinical 
observations without postmortem confirmation. In addition, it is to be 
noted that in these cases the intestinal lesion formed the primar}’- con- 
dition and was present at the onset of the illness, so that these cases 
do not rightfully fall into the category witli which we are con- 
cerned here. 

CASE REPORTS 

In a survey of the postmortem records of the Mount Sinai Hospital 
for the past ten years we were able to find 40 cases in which necropsy 
revealed pseudodiphtheritic ulcerOnecrotic enteritis, colitis or entero- 
colitis. In selecting these cases we d[id not include any in which the 
mesenteric arter)' or vein was thrombosed or in which there was present 
a diffuse vascular disease, such as periarteritis nodosa, malignant 
nephrosclerosis or chronic glomerulonephritis with uremia. The clinical 
data and pathologic material were complete in only 20 of these 40 cases. 
In the following case reports an attempt will be made to correlate the 
clinical features with the postmortem obseiwations in an effort to indicate 
the pathogenesis of these lesions. The cases are typical of the entire 
group. 

11. Goldschmidt, W., and Miilleder, A.: Wien. klin. Wchnschr. 35:522, 1922. 

12. Moulonguet, P. : Bull, et mem. Soc. nat. de chir. 57:1504, 1931. Castellano, 
G. : Policlinico (sez. chir.) 41:175, 1934. Schwartz, A.: Mem. Acad, de chir. 
62:1239, 1936. Gregoire, R. : Bull, et mem. Soc. nat. de chir. 60:1394, 1934 ; 61: 
634, 1935. de Fourmestraux, J. : Bruxelles-med. 15:487, 1935. Gregoire, R., and 
Couvelaire, R. : Apoplexies viscerales sereuses et hemorragiques (infarctus 
visceraux), Paris, Masson & Cie, 1937. 
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Case 1. — A 50 year old woman was admitted to the surgical service of Dr. 
A. A. Berg with a four month historj' of symptoms typical of ulcer. These had 
become so severe that operative intervention was decided on. A series of gastro- 
intestinal roentgenograms showed the presence of a penetrating duodenal ulcer. 
A test meal showed free hydrochloric acid 48 and total acid 68. Hoffmeister’s 

partial gastrectomy was done. The ulcer was embedded in the head of the 

pancreas but was dissected free and removed. On the night of the operation the 
patient was warm, the pulse rate was 128 beats per minute, and the blood pressure 
140 systolic and 90 diastolic. Preoperatively the blood pressure was 120 systolic 
and 60 diastolic. Twelve hours after operation the patient began to vomit and 
was found bathed in sweat, with a pulse rate of 148, the pulse of poor qualit 3 ^ 
The blood pressure at this time was 70 sj'stolic and 50 diastolic. She w'as given a 
transfusion of blood and continuous venoch'sis of ph 3 'siologic solution of sodium 
chloride, following which her condition showed distinct improvement, although 
she still complained of thirst. The pulse continued to be of poor qualit 3 ’’, and 
the rate ranged between 140 and 150. At this time, three da 3 'S after operation, the 
blood pressure was 125 systolic and 90 diastolic. On the next day the temperature 
rose to 104 F. ; the pulse rate was 150 at the cardiac apex but was imperceptible 

at the wrist. The blood pressure dropped to 80 S 3 'stolic and 60 diastolic, and 

the hands and feet were cold and clamm 3 -. The patient’s face was pale and pinched, 
and she looked graveh' ill. She was given 600 cc. of 10 per cent dextrose intra- 
venoush’, after which the blood pressure rose to 124 S3'stolic and 70 diastolic, 
and the pulse rate improved. Despite this, she rapidly became worse and died on 
the fourth day after operation. She had received several parenteral injections 
of digitan and caffeine and had had several “stimulating” enemas. 

Postmortem Observations . — The peritoneal cavity contained about 200 cc. of 
bloody fluid. There was no evidence of generalized peritonitis. However, the 
duodenal stump w^as surrounded by an abscess cavity, which showed evidence of fat 
necrosis and had extended retroperitoneally to involve the right adrenal gland. 
The suture lines were intact. Extending from the lower portion of the sigmoid 
and involving the entire rectum there was a superficial greenish sloughing ulcerative 
membrane involving the entire circumference of the intestine and studded here and 
there with small hemorrhages, ilicroscopic examination of the involved area 
showed necrosis of the mucosa of the rectum, which was, however, not complete, 
since there were focal areas in which the deeper la 3 'ers were preserved. The 
mucosa also showed leukocytic infiltration and deposition of fibrin, as well as 
surface colonies of gram-positive cocci. The submucosa was distinetty widened 
by edema fluid and showed focal hemorrhages. The submucosal vessels in the 
involved areas were dilated. The vessels outside the involved zones showed no 
significant changes. A h’mph follicle located directly beneath the involved mucosa 
appeared to be without significant changes. 

Case 2. — This was the first admission to the surgical service of Dr. Richard 
Lewisohn of a 4^ 3 -ear old child in whom abdominal pain, repeated vomiting and 
fever had developed about thirty-six hours previously. Examination revealed 
rigidity of the abdomen with tenderness and rebound tenderness. There was 
bilateral rectal tenderness with fulness on the right. Laparotomy disclosed a 
perforated appendix with generalized peritonitis. The appendix was removed. 
Fascial necrosis developed, which required removal of the sutures three days 
after the operation. At this time the general condition of the child was considered 
good. On the next day diarrhea developed which was attributed to the pelvic 
collection of pus. The child was febrile, the temperature reaching 105 F. On the 
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seventh day after the operation feces were noted in the wound and the abdomen 
became distended. Continuous vcnoclysis was instituted with physiologic solution 
of sodium chloride, and O.S cc. of a solution of posterior pituitary was injected 
intramuscularly, without relief. A Levine tube was passed, which drained off 
some bile-stained fluid tinged with blood. Ten days after the operation the child 
presented a typical peritonitic facies and a distended, silent abdomen. He was 
given a transfusion of 200 cc. of citrated blood. Despite this, he rapidly became 
worse and died in a semistuporous condition three daj's later. 

Postmortem Observatious . — The peritoneal cavity was the site of extensive 
though not generalized peritonitis, which caused the loops of intestines to be 
matted together. The entire intestinal tract was markedly dilated and showed 
the typical serosal reaction to peritonitis. The jejunum for the first 12 inches 
(30.5 cm.) beyond the ligament of Treitz was irregtilarlj' spotted with reddish 
purple hemorrhagic areas on its serosal surface. The mucosal surface cor- 
responding to this discoloration was covered by a thick, coarsely granular and 
friable grayish yellow membrane, which extended over tlie rugae and troughs 
in an area 8 bj' 5 cm. The membrane was quite adherent and could be removed 
only with difficultj’, leaving a rough surface. No otiier changes of importance 
were noted. 

Alicroscopic examination of the involved jejunum revealed that the lesion did 
not involve the intestinal wall in a homogeneous fashion. There were areas of 
well preserved mucosa in which were well circumscribed foci of necrosis. The 
mucous membrane in these foci was replaced by a necrotic fibrinopurulent 
membrane, which extended into the submucosa. The most striking observation 
was the widening of tlie submucosa, due primarily to edema. The capillary vessels 
were widely dilated and blood filled, and in one area there was a focal submucosal 
hemorrhage. Some fibrin deposition was noted, and some infiltration by poly- 
morphonuclear leukoc 3 'tes. Several of the capillaries showed fibrin plugs. These 
submucosal changes extended bej'ond the area immediately adjacent to the foci of 
mucosal necrosis. The muscularis showed no significant changes. The serosa 
showed slight edema. 

Microscopic examination of other portions of the small intestine showed no 
changes other than those due to the serosal reaction to peritonitis. 

Case 3. — A 23 year old plumber was admitted to tlie medical service of Dr. 
B. S. Oppenheimer with a three 3 'ear historj' of hypertension, nocturia, polydypsia 
and incontinence. In the year preceding his admission he had had d.vspnea on 
exertion, as well as edema of the ankles, and had noted an increase in the size of 
the abdomen and increasing weakness. He had also been troubled with frequent 
headaches and loss of libido. Examination showed an adult man with a buffalo 
type of obesity, involving the head, neck and trunk but not the limbs. He appeared 
plethoric and had typical pig eyes, as well as striae and kj'phosis. His blood 
pressure was 170 systolic and 130 diastolic. There was cutis marmorata. The 
retinal arteries were narrowed, while the veins were engorged. The penis was 
small and underdeveloped. Both legs presented areas of chronic ulceration. The 
complete investigation led to the belief that the condition was typical of the 
Cushing syndrome. Exposure of the pituitary gland to the action of roentgen 
rays was ineffective. Bilateral perirenal air insufflation }delded no information of 
diagnostic value. Both adrenals were therefore explored bj’’ Dr. Edwin Beer, in 
sequence, without a tumor being disclosed. The postoperative course was perfeetty 
smooth until the fifth day. At this time he became incontinent, and infection of 
a wound developed, culture of which disclosed B. welchii. ■ On the seventh post- 
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operative daj" he went into “vasomotor collapse,” the extremities becoming cold 
and clamm}" and the pulse rapid and small. He was given a venoclysis of 500 cc. 
of a 5 per cent solution of sodium chloride, as well as 12 minims (0.74 cc.) of 
epinephrine h 3 'drochloride and 10 cc. of an extract of adrenal cortex (Eschatin) 
intravenously'. Despite all these measures, he failed progressively' and died twenty- 
four hours after the onset of the collapse. 

Posimortcm Observations. — There was no free fluid in the peritoneal cavity. 
The intestines were markedly distended and heavy with a fluid content. The 
serosal surface of the small intestines was dull gray with a pale blue tint. In 
some areas the serosal vessels were engorged. The serosal surface of the colon 
was a dull bluish gray'. The colonic mucosa was dull and lusterless and was 
covered by a gray'ish green dirty' membrane which could be removed only' with 
difficulty. This lesion was present in the ascending colon and descending colon 
to the sigmoid and to a much lesser extent in the transverse colon, where it 
consisted of areas of engorgement. 

Microscopic examination of the involved colon showed focal areas of extensive 
mucosal necrosis with deposition of fibrin and infiltration by leukocytes. Between 
the glands the capillary lumens were obliterated by hyaline masses. The sub- 
mucosa was irregularly widened by' edema, which was most pronounced just 
beneath the muscularis mucosa. The veins were markedly' dilated and several 
contained nonadherent hyaline masses. The arterioles were filled with leukocytes 
and showed hyalinization of their walls. The muscular layers were without sig- 
nificant changes. The serosa showed venous dilatation. 

Case 4. — A 42 year old man was admitted to the surgical service of Dr. Harold 
Neuhof with a two year history of recurrent fever, cough, expectoration of non- 
fetid sputum and hemoptyses. A roentgenogram of the chest revealed a breaking 
down in the upper lobe of the left lung. Bronchoscopic examination gave 
negative results. Exploratory thoracotomy was therefore done, and a superficial 
collection of pus was found in the lung. The postoperative course was smooth 
for the first nine day's. At this time active oozing from the lung parenchyma 
was noted. This was treated by packing. On removal of the packing twenty- 
four hours later, bleeding recurred. The temperature rose to 104 F., and the 
hemoglobin content dropped from 80 to 60 per cent. He was therefore reoperated 
on eighteen days after the first operation, and a fat-muscle transplant was placed 
in the pulmonary cavity. About one month later bleeding recurred, and after six 
days of continued oozing, which was uncontrolled by packing, it was decided to 
perform lobectomy. The upper lobe of the left lung was therefore ablated. The 
blood pressure, which had been 114 systolic and 70 diastolic on admission, did 
not change significantly, but the pulse rate rose immediately after operation to 
156 and became irregular and almost imperceptible. The patient became irrational, 
and it was found necessary to “cut down” in order to institute venoclysis. He 
continued thus for three days and then died. 

Postmortem Observations. — An ulcer, 2 by' 1 cm., was observed in the antrum 
of the stomach, saddling the lesser curvature and extending to the submucosa. 
Its edges -were firm, raised and injected. 

The serosal surface of the jejunum and ileum was smooth and glistening. In 
the distal 3 feet (90 cm.) of ileum there were scattered ulcers, 1 to 2 cm. in 
diameter, irregular in outline and shape and covered by a shhggy greenish e.xudate. 
Many of these ulcers were situated in Peyer’s patches and presented congested, 
slightly raised, firm edges. The ileocecal valve was not involved. No lesions were 
noted in the colon or rectum. 
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Microscopic examination of the involved ileum showed widespread focal areas 
of necrosis of the mucosa, between which llie mucosa was preserved to varying 
degrees. The involved mucosa was infiltrated b}' leukocytes and showed deposition 
of fibrin as well as fibroblasts and hyaline capillary thrombi. In these areas the 
submucosa was markedlj’ widened bj’ edema and showed a large number of dilated 
venules and capillaries. Some arterioles showed hyaline necrosis of their walls 
with definite hemorrhages in several foci. There were strikingly few leukocytes 
in these areas of edema, in some of which deposition of fibrin had occurred. The 
submucosal reaction was much less marked in areas where the mucosa appeared 
least involved but was nevertheless distinctly recognizable. The muscular layers 
and the serosa were without significant alterations. 

Case 5. — A Si year old man was admitted to the surgical service of Dr. Richard 
Lewisohn with a ten year history of recurrent severe pain in the upper part of 
the abdomen, with nausea and vomiting. This had recurred ten weeks before 
admission and had been accompanied by sour eructations and hematemeses. A 
series of gastrointestinal roentgenograms revealed a deeply perforating lesion on 
the lesser curvature of the stomach. About three hours after the latter examina- 
tion was completed, the patient suddenly experienced severe pain in the upper 
part of the abdomen, radiating to the left shoulder. Examination revealed the 
patient to be in shock and presenting marked abdominal rigidity and tenderness, 
most pronounced in the right upper quadrant. At operation, two and a half hours 
later, a perforated gastric ulcer was found and sutured. Postopcratively the 
patient fared poorly. He vomited repeatedly, and the abdomen was markedly 
distended. No relief was obtained by the use of a Levine tube or colonic irriga- 
tions. The temperature rose to 105.4 F. and the pulse rate to 120. The blood 
pressure showed no significant changes. Venoclysis was instituted, and epinephrine 
hydrochloride was given five times in doses of 5 minims. Despite this, the pulse 
became thready and rapid, a typical peritonitic facies developed, and the patient 
died five days after the operation, with a temperature of 106.4 F. 

Postmortem Obscn'atw}:s . — The peritoneal cavity showed about 1 ounce (30 cc.) 
of opaque yellow fluid. The intestines were markedly distended and filled with 
fluid. Their serosal surfaces were slightly dull, but deposition of fibrin was not 
noted. A Meckel’s diverticulum was noted 3 feet (90 cm.) above the ileocecal valve. 
About a foot below the diverticulum there was an area about 3 inches (7.5 cm.) 
long where the ileal mucosal surface was covered by a diphtheritic membrane of 
greenish friable purulent material. The mesenteric border of the mucosa was not 
completely involved. About 1 foot (30.5 cm.) below this area an identical lesion 
involved about 1 foot of the intestinal wall. Just distal to this was still another 
patch of the same type, but smaller. The serosa in these regions was injected. 
The mesenteric vessels showed no gross changes. A few small red mesenteric 
nodes were seen. The colon and rectum showed no changes. 

Microscopic examination of the involved ileum showed that the mucosal necrosis 
was focal in distribution and of variable severity. Where necrosis had occurred, 
the mucosa was replaced by a necrotic cellular debris, enmeshed in fibrin. In these 
areas the muscularis mucosa wa’s- involved in the process. The submucosa was 
markedly thickened by edema and some increase of connective tissue. The 
capillaries were widely dilated. There was no striking increase in cellular content 
in areas which were not severelj’’ involved in the necrosis. In the areas of lesser 
involvement the lesion did not extend to involve the muscular layers. In the more 
severely involved areas the process involved the muscularis down to the serosa, 
which showed some edema and cellular infiltration. 
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Histologic changes of the sort observed in these cases are certainly 
unusual and bear little resemblance to the usual inflammatory lesions 
found in the small or large intestines. We may perhaps best portray 
the lesions by a survey of the histologic changes in the entire group of 
cases which we have studied and thus reconstruct the various stages 
of their development. 

Lesions in the earliest stages, found at a short distance from those 
in the more advanced stages or even in no relation to a lesion in an 
advanced stage, present as their most striking feature marked dilata- 
tion of the capillaries and venules, which may be so large as to distort 
the normal relationship of the tissues. This alteration occurs primarily 
in the submucosa but in a somewhat later stage is also found in the 
mucosa, where the sinus-like venous dilatation distorts the villi. This 
may occur in regions where the mucosa is apparently intact and therefore 
we feel that it represents an early stage of the process. Somewhat later 
there is noted, in addition to the aforementioned widening of the ves- 
sels, a widening of the stroma of the submucosa and mucosa by edema. 
The latter is strikingly poor in cellular content in its earlier phases but 
is frequently associated with focal hemorrhages in the immediate 
neighborhood of the distended vessels. These hemorrhages are found 
not only in the submucosa but in the villi as well. There is no apparent 
loss of continuity of the vessel walls, and one gains the impression that 
the extravasation is the result of diapedesis from a dilated capillary or 
venule in which stasis has occurred. In addition to these changes in the 
presence of well preserved mucosa, the progress of the lesion appears 
in alterations of the columnar cells which line the villi. The lining 
epithelium (at the onset usually only the portions at the tips of the 
villi) shows loss of nuclear staining and eventually the typical picture 
of necrosis (fig. lA and B). This, it must be emphasized, begins at 
the tips of the villi and is found in the presence of well preserved mucosa 
at the bases of the villi as well as between these. The necrotic areas 
of mucosa show focal desquamation. With the extension of the process ,^ 
the necrosis involves the deeper layers of the stroma, beneath the 
mucosal cells, and may penetrate through the muscularis mucosa to 
involve the submucosa (fig. 2). With the progress of the lesion there 
is replacement of the mucosa by a membrane consisting of necrotic 
cellular debris enmeshed in fibrin. As the lesion progresses, leukocytes 
appear in the edematous stroma until eventually the appearance of 
typical purulent inflammation is created. It is impossible to evaluate 
the relative importa.nce of infection from the intestinal lumen and of 
the presence of the necrotic mucosa in the causation of the latter 
reaction. 
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Fig. 1. — section of jejunum showing earlj' necrosis of the tips of villi with 
well preserved mucosa at the bases. Widening of the submucosa, congestion and 
dilatation of the venules and capillaries, and interstitial edema can be observed. 

B, the same section under higher power, to demonstrate the early necrosis of 
the tips of villi. Note the absence of primarj' cellular infiltration. 





























i Fig. 2. — Section of ileum showing focal mucosal necrosis and ulceration with 
submucosal reaction. 


While in the majority of instances the process was restricted to the 
mucosa and submucosa, an occasional extension to the muscular layers 
was noted, so that it is apparently possible for the entire intestinal wall 
to be involved. Despite this, bacterial stains revealed organisms only 
on the mucosal surface. 

The focal nature of the process is well shown by the fact that in a 
mucosal lesion that occurred in the duodenum Brunner’s glands in 
direct contact with the involved mucosa showed no significant changes. 
In a similar lesion partial necrosis of Brunner’s glands occurred. Simi- 
larly, in the colon it was observed that solitary lymph follicles which 
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were in direct contact with the necrotic mucosa were without significant 
changes. In other lesions the process involved the follicles also. These 
observations are of special significance when it is recalled that the 
solitary follicles, as well as Brunner’s glands and the intestinal villi, 
receive their blood supply from totally separate arteriolar branches 
of the same submucosal artery.^® 

COMMENT 

An investigation of the data on our material reveals that we have 
been dealing with a wide variety of clinical conditions. Among these 
ai-e to be noted the following: gastric lesions, necessitating gastrectomy; 
perforation of a gastric ulcer; carcinoma of the lung with bleeding, 
requiring lobectomy ; acute appendicitis with peritonitis ; bilateral 
exploration of the adrenal glands, and, in addition, hepatic cirrhosis 
with hemorrhage, and extensive burns. Despite the wide variety of 
conditions, an analysis of the clinical data revealed that shock had been 
present in each instance and that it was usually present in direct rela- 
tion to the few observed clinical signs of the intestinal lesion which we 
are discussing. This is true not only of our material but also of those 
cases reported in the literature the data on which are sufficiently com- 
plete to permit evaluation. 

The foregoing considerations led us to inquire into the possible 
processes whereby the vascular mechanisms involved in shock could be 
responsible for a lesion such as the one described. It will be recalled 
that this lesion is distinguished by the presence of dilated, usually blood 
filled venules and capillaries, early, relatively acellular submucosal and 
mucosal edema, pericapillary hemorrhages and finally focal mucosal 
necroses which by fusion, extension and secondary infection give rise 
to the more extensive pseudomembranous lesion. 

At the present time it is widely accepted that the vascular mechan- 
isms involved in shock serve the useful “purpose” of causing redistribu- 
j tion of blood so as to preserve the functions of organs absolutely 
necessary for life.^° Basically, this involves alteration of the volume 
capacity of the cardiovascular system in adaptation to a decrease in 
the volume of effectively circulating blood. The mechanisms effecting 
this adaptation constitute the characteristic vasomotor response seen in 
shock. That these mechanisms do not function uniformly throughout 

13. Patzelt, V., in von Mollendorff, W. : Handbuch der mikroskopischen 
Anatomic des Menschen, Berlin, Julius Springer, 1936, vol. 3. 

14. (a) Ewig, W., and Klotz, L. : Deutsche Ztschr. f. Chir. 235:681, 1932. (b) 
Riedel.3 (c) Bierende.*’ (d) Goldschmidt and Miilleder.^® 

15. Cannon, W. B. : Physiol. Rev. 9:399, 1929. 
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the body was indicated in the work of Gesell/® who showed that with 
decrease in blood volume of only 10 per cent there was simultaneous 
decrease of more than 60 per cent in the blood flow through the sub- 
maxillaiy gland. This occurred despite rise in blood pressure and was 
attributed to widespread vasoconstriction. The latter mechanism had 
been considered as the bodily response to shock as far back as 1879 by 
Mapother,’-" who based his explanation entirely on clinical observations. 
In this he was supported by Malcolm/® who noted the extreme pallor 
of the peritoneal surfaces in shock and made the observation that the 
arteries were empty while the venous trunks were full. The widespread 
increase in peripheral resistance caused by the vasoconstriction conse- 
quent on shock is not equally manifest in all organs. The work of 
Rein and his co-workers and of Blalock and Levy showed that the 
vasoconstriction is most marked in the tissues which at the moment 
of application of the constricting stimulus are least active. This con- 
striction may occur in the absence of rise in blood pressure and hence 
must be associated with compensatory vasodilatation elsewhere in the 
body. This vasodilatation is partially the result of local formation in 
actively functioning tissues of various metabolites that are effective in 
counteracting the vasoconstrictor stimulus.-- These observations serve 
partially to explain the occasional vasodilatation in response to epi- 
nephrine. Rein and Rossler in one of their experiments were able 
to demonstrate that a loss of blood amounting to 2 per cent of the body 
weight in a dog resulted in a 20 per cent drop in blood pressure in eight 
minutes. Simultaneously the flow through the intestine decreased 70 
per cent while that through the femoral arter}^ dropped 62 per cent and 
that through the inferior vena cava 15 per cent. Ten minutes after 
cessation of the bleeding the blood pressure, after a preliminary further 
drop, rose to within 5 per cent of its previous value, the peripheral 
blood flow through the femoral artery rose to 30 per cent above its 
initial value, while the intestinal blood flow rose ver)'- much more slowly 
to a value which was 20 per cent below its original state. An interest- 
ing feature of this work lies in the demonstration that the vessels of 

16. Gesdl, R.: Am. J. Physiol. 47:468, 1919. 

17. Iklapother, E. D. : Brit. M. J. 2:1023, 1879. 

18. Malcolm, J. D.: Tr. M. Soc. London 32:274, 1909. 

19. Erlanger, J. ; Gesell, R., and Gasser, H. S.: Am. J. Physiol. 49:90, 1919. 

20. (a) Rein, H. : Verhandl. d. deutsch. Gesellsch. f. Kreislaufforsch. 10:27, 
1937. (fo) Rein, H., and Mertens, O. : Arch. f. d. ges. Physiol. 237:231, 1936. 
(c) Mertens, O. ; Rein, H., and Garcia Valdecasac, F. : ibid. 237:454, 1936. (d) 
Rein, H., and Rossler, R. : Ztschr. f. Biol. 89:237, 1929. 

21. Blalock, A., and Le^V) S. E. : Am. J. Physiol. 118:734, 1937. 

22. Gaddum, J. H. : Gefasserweiternde Stoffe der Gewebe, Leipzig, Georg 
Thieme, 1936. 
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the kidneys participate in the general vasoconstriction to a minimal 
degree.-^ It requires about one hundred times as much epinephrine 
to produce vasoconstriction in the kidneys as in the peripheral muscles. 
Of utmost importance in this connection is the fact tliat this vasocon- 
striction occurs as the first overt manifestation of the vasomotor response 
which is the body’s reaction to the shocking stimulus, whether -this is 
loss of blood/® loss of body fluid from the blood stream into the 
tissues or loss from the blood stream via the kidneys,"® or painful 
stimuli."® In the final analysis we find that vasoconstriction may be 
considered compensatory for the marked discrepanc}' between the blood 
volume and the capacity of the cardiovascular system; or, as will be 
shown later, it may be one part of a vicious circle that causes loss of 
body fluid into the tissues. This concept reveals the fundamental har- 
mony between the views of O’Shaugness)' "®'^' ^ and Blalock."^ 

The primary vasoconstrictive reaction does not and cannot persist 
indefinitely. It may he terminated by the passing of the shock stimulus. 
Under these circumstances the patient presents the picture of what may 
be called "compensated shock.” On the other hand, the vasocon- 
striction may disappear as a result of local tissue changes caused by the 
local ischemia which it creates despite the persistence of the shock 
stimulus. There results an “outlying acidosis due to functional 
ischemia,” which experimentally has been produced by injection of 
hypertonic dextrose or mechanical interference with the circulation. 
This has been known for a long time to be able to cause vasodilatation."® 
Aside from this, other metabolites capable of producing the same 
reaction are formed and undoubtedly participate in this process."® 

23. Hartmann, H. ; Orskov, S. L., and Rein, H. : Arch. f. d. ges. Physiol. 238; 
239, 1936. 

24. Blalock, A.; Arch. Snrg. 22:314, 598 and 610, 1931. Beard, J. W., and 
Blalock, A.: ibid. 22:617, 1931. 

25. Keith, N. M. : Am. J. Physiol. 68:80, 1924. 

26. (a) Freeman, N. E. ; Shaw, J. L., and Sn 3 'der, J. C. : J. Clin. Investigation 
15:651, 1936. (b) O’Shaughnessy, L., and Slome, D. : Brit. J. Surg. 22:589, 
1935. (c) Slome, D., and O’Shaughnessy, L. : ibid. 25:900, 1938. (rf) Marquis, 
D. G., and Williams, D. J. ; Brain 61:203, 1938. 

27. (fl) Rous, P., and Drury, D. R.; J. Exper. Med. 49:435, 1929. (b) 
Billings, F. T., and Maegraith, B. P. : Quart. J. Exper. Phj'siol. 27:249, 1938. (c) 
Landis, E. M. : Ph 3 ’^siol. Rev. 14:404, 1934. 

28. Gaskell, W. H.: J. Physiol. 3:48, 1880. Bayliss, W. M. : ibid. 26:xxxii, 
1901. Ganter, G. Arch. f. exper. Path. u. Pharmakol. 113:66, 1926. Fleish, A., 
and Sibul, I.: Arch. f. d. ges. Ph 3 'siol. 231:787, 1933. 

29. Zipf, K. : Arch. f. exper. Path. u. Pharmakol, 160:579, 1931; 167:60, 
1932. Tannenberg, J., and Fischer-Wasels, B. : Die lokalen Kreislaufstorungen, 
in Bethe, A.; vonBergmann, G. ; Embden, G., and Ellinger, A.: Handbuch der 
normalen und pathologischen Ph 3 '^siologie, Berlin, Julius Springer, 1927, vol. 7, pt. 

2. Anrep, G. U. : Studies on Vascular Regulation, Stanford Universit 3 ’’, Calif., 
Stanford University Press, 1936. Gaddum.^- Billings and Maegraith.^'*^ 
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A further consequence of the vasoconstriction and the associated 
anoxemia of tissue is a drop in the gradient of pressure -within the capil- 
laries. This, together with the anoxemia, leads to an increase in the 
pemieahilit}' of the capillar}' endothelium so tliat. whereas the latter 
formerly retained about 95 per cent of the total plasma protein, it 
loses its power to do this. As a result there occurs a transudation of the 
plasma protein into the tissue spaces. This is at first not accompanied 
by passage of the cellular components of the blood since in the earlier 
phases of this reaction, experiment has shown, the transudation of 
fluid is still directly proportional to the difference between the capillar}’- 
pressure and the effective osmotic pressure of the plasma proteins. This 
observation apparently indicates that the capillar}- endothelium is still 
acting as a passive filter, though it is more permeable than usual." 
Furthermore, this process is reversible if the lack of oxygen is of suffi- 
ciently brief duration. With persistence of the anoxemia and con- 
tinuous loss of plasma protein into the tissue spaces a vicious circle 
starts, since reduction of the blood volume follows which in itself may 
cause ^•asoconstriction. In addition, the loss of blood plasma decreases 
the effective osmotic pressure of the intravascular contents and thus 
tends to increase the outflow of plasma. This concentration of the 
blood is im-ariably present in shock.®® 

Further prolongation of the anoxemia of the capillar}’- wall results 
in further changes in the capacity of the wall to retain tlie vessel con- 
tents. The cellular components and formed elements become increas- 
ingly concentrated, and the capillar}* wall itself becomes more “stick}’ ’ 
(Krogh. quoted by Landis . The morphologic component of these 

30. (a) Darrow, D. C.. and Buckman. T. E. : Am. T. Dis. Child. 36:248, 1928. 
(&) ^Idntosh. R. : Kajdi. L., and Meeker, D. : T. Qin. Investigation 9:333. 1931. 
fr) Gibson, J. G., and Kopp, I.: ibid. 17:219. 1938. (d) Rogers. F. T. : Proc. Soc. 
Exper. Biol. & iled. 38:73. 1938. (c) Romberg. E. ; Passler, H. : Brulins. C., and 
Muller, W. : Deutsdies Arch. f. klin. !Med. 64:652, 1899. (/) Underhill, F. P. ; 
Kapsinow, R., and Fisk. M. E. : Am. J. Physiol. 95:302 and 325. 1930. Underhill.- 
F. P., and Fisk. it. E.: ibid. 95:330, 1930. (p) Davidson, E. C.. and itatthew. 
C. tv.: Arch. Surg. 15:265, 1927. (/i) Underhill, F. P. ; Carrington, G. L. ; 
Kapsinow, R.. and Park. G. T. : Arch. Int. ited. 32:31, 1923. (i) Harkins, 
H. K. : Proc. Soc. Exper. Biol. & ited. 32:432. 1934 (f) Olhecrona, H. : 
-•tcta chir. Scandinav. 54:559. 1922. (t) Lundgren. A. G. H. : ibid. (supp. 39) 
77:1. 1935. (1) Chang, H. C. : Harrop, G. A., and Schaub. B. it.; T. Clin. 
Investigation 5:407. 1928. (;;:) Peters, J. P. ; Kydd, D. M., and Eisenmann, 
A. J.; ibid. 12:355. 1933. (>:) Scott. H. G.: Arch. Surg. 36:816, 1938. (o) 
Stewart, J. D.. and Rourke. G. it.: T. Qin. Investigation 17:413, 1938. (J>) 
tVhite, J. C. : tVhitelaw. G. P. ; Sweet. W. H.. and Hurwitt, E. S. : Ann. Surg. 
107:287, 1938. (q) Gatch. W. D., and LitUe. W. D.: J. A. il. A. 83:1075, 192T 
(r) White, J. C. ; Sweet, W. H.. and Hurnitt. E. S.: Ann. Surg. 107:438, 1938. 
(A Riessinger. H.. and Sdmeider, H.; Deutsche Ztschr. f. Chir. 217:303, 1929. 
(0 Ewig and Klotz.i-*^ 
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functional changes is seen in the formation of capillary thrombi, observed 
in our material as well as in that studied by Bierende.^ A further conse- 
quence is seen in the appearance of hemorrhages which, in the absence 
of any morphologically demonstrable lesion of the vessels themselves, are 
attributed to diapedesis. 

It is but a short step from the foregoing events to the appearance of 
the tissue necrosis which was seen to occur in our cases. That such a 
process may occur in shock has been known since 1906, Avhen Elliott 
observed necrosis in the intestinal tract after bilateral adrenalectomy. 
Since then it has been repeatedly mentioned as an incidental obseiwation 
at autops}’^ in experimental animals used in the stud}-, directly or indi- 
rectly, of the phenomena of shock.^- The exquisitely focal nature of the 
lesions can be understood from the nature of the vascular mechanisms 
involved and from the anatomic distribution of the blood supply to the 
intestines as described in a foregoing paragraph. Thus the close juxta- 
position of necrotic mucosa and well preserved Brunner’s glands of sub- 
mucosal lymphoid follicles is no surprise. The phenomena involved 
in the vasomotor reactions also make it readily understandable that the 
lesion which is created should take its origin within the wall of the 
intestine, i. e., in the submucosa, rather than on its surfaces. 

We are not in a position to evaluate the importance of infection of 
the intestinal wall by the bacterial flora of the lumen. That infection 
occurs is evidenced by the purulent nature of the later stages of the 
lesion. That this is a late manifestation is indicated by its absence in the 
earliest phases of the lesion. In keeping with this is also the sudden 
rise in systemic temperature which so frequently terminated life in our 
material. 

SUMMARY 

A review of the literature of acute postoperative ulcerative and 
diphtheritic enteritis is presented. A survey of the postmortem records 
of the Mount Sinai Hospital for the last ten years revealed 40 cases in 
which necropsy showed this lesion. In the selection of cases we avoided 
any in which the mesenteric vessels were thrombosed or in which a dif- 
fuse vascular disease was present. Intestinal diseases of known cause, 

31. Elliott, R. T.: J. Physiol. 49:38, 1914. Elliott, R. T., and Tuckett, L: ibid. 
34:332, 1906. 

32. Freeman, N. E. ; Shaffer, S. A. ; Shecter, A. E., and Holling, H. E. : J. 
Clin. Investigation 17:359, 1938. Unterberger, S. : Arch. f. exper. Path. u. 
Pharmakol. 2:89, 1874. von Mering, J.: ibid. 13:86, 1881. Saikowsky: Virchows 
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360, 1932. Keith.25 Romberg and others.®®*^ Elliott.®^^ 
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such as typhoid ■ and dysentery, were likewise excluded. Five typical 
cases are reported in detail. 

A survey of the histologic observations in our material permits us 
to reconstruct the pathogenesis of the lesion as follows: The earliest 
change consists in marked distention of the capillaries and venules, first 
in the submucosa and subsequently in the mucosa. This is followed by 
marked submucosal edema and occasional focal hemorrhage' in the 
vicinity of the distended vessels (diapedesis). The arterioles frequently 
appear to be contracted. The next change consists in focal necrosis of 
the mucosa, frequently limited at first to' the tips of the mucosal folds. 
With advance of the lesion the areas of mucosal necrosis spread and 
fuse. The necrosis extends through varying depths of the intestinal 
wall, although in most cases not beyond the submucosa. In the advanced 
stages, the necrosis is accompanied by an inflammatory cellular reaction, 
and hyaline thrombi are seen in many of the smaller vessels. The focal 
nature of the lesion is striking. 

An analysis of the records showed that the lesion was present in a 
wide variety of clinical conditions. It appeared consequent to operative 
procedures in the abdomen, as well as after lobectomy, and it appeared 
in patients who had not undergone any operative procedures but were 
suffering from extensive bums and gastrointestinal hemorrhage. The 
one finding that was present in all the cases was shock. 

We have reviewed, the literature on the vasomotor mechanisms 
involved in shock and have discussed these in relation to the evolution 
of the lesion described and noted a similar lesion following experimental 
production of shock by a variet)'" of methods. 

CONCLUSION 

From a study of 40 cases in which necropsy showed acute ulcerative 
or diphtheritic enteritis and from a review of similar cases in the litera- 
ture we have concluded that the vasomotor mechanisms known to occur 
in shock are responsible for this lesion. Shock was present in all the 
cases studied, and a similar lesion has been observed following experi- 
mental production of shock. 



CONGENITAL ABSENCE OF THE PENIS 


GEORGE J. RUKSTINAT, M.D. 

AND 

ROBERT J. HASTERLIIC, M.D. 

CHICAGO 

Congenital absence of the penis, according to Harris,’ occurs in 1 of 
30,000,000 persons. In the fifty years preceding 1898 it was encountered 
as follows : once each in England, France, Germany and Austria, and 
twice in the United States. In the last forty years 9 more instances were 
recorded. In at least 4 of these 15 instances the condition might be 
classified as hermaphrodism or scrotal penis. Excluding cases of 
epispadias, hermaphrodism and scrotal and perineal penis, one finds 
only 10 incontrovertible reports of congenital absence of the penis. 

Steckmetz - published his findings in a 3 month old child whose 
penile site on the mons veneris was occupied by a furrowed elevation, 
10 by 5 mm. In the subcutaneous tissue of the scrotum was a smegma- 
covered glans penis with a well formed foreskin. The shaft was 
rudimentary. A perineal midline structure was 10 mm. high and 3 mm. 
wide and resembled a rooster’s comb. It was highest close to the anus 
but not connected with it. The rectum contained a small nubbin close 
to the sphincter on the anterior wall, into which the urethra opened. 
Goschler’s ^ patient, a 27 year old man, had orchitis but lacked a penis. 
On the perineum was a warty mass, 3.8 cm.- long and 1.8 cm. wide and 
high. This contained erectile tissue, Avhich had been stimulated first 
when the patient rode bareback. The man subsequent!}' produced 
friction on this tissue with a stick or the edge of a chair to obtain 
sexual satisfaction. The urethra emptied into the rectum and was 
3.8 cm. long. In Rauber’s ■* case approximation of the rectum and 
urethra was noted; part of the penis existed ectopically. His patient, 
a man 38 years old, lacked a penis in the usual position and passed urine 
through the rectum. Marked irritation from the urine had been noted 
for about twenty years. This was so severe at times that the man applied 

From the Norman Bridge Pathological Laboratory, Rush Afedical College of 
the University of Chicago. 

1. Harris, R. P. : Philadelphia AL J. 1:71, 1898. 

2. Steckmetz, F. : Beitr. z. klin. Chir. 17:398, 1896. 

3. Goschler: Vrtljschr. f. d. prakt. Heilk. 63:89, 1859. 

4. Rauber: Virchows Arch. f. path. Anat. 121:604, 1890. 
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hot poultices for relief and on occasion sat on ice. The penile elements 
present were incorporated in the anterior wall of the rectum. Passion 
manifested itself in a tickling sensation in the rectal wall and was accom- 
panied by a seminal discharge into the bowel. 

The irritating effect of urine on the rectum and probable ascending 
urinary infections were major complications in 2 patients : Rauber’s ^ 
and Mathews’.® The latter was consulted by a 30 year old man who had 
no penis but had a well developed scrotum and large testes. The urethral 
opening was 2.5 cm. cephalad to the anal sphincter, on the anterior rectal 
wall. The rectal mucosa was ulcerated extensively and beset with 
hemorrhoids. Defecation and urination were painful, although some 
relief was obtained after massage of the hemorrhoids. The irritant effect 
of urine on the rectum of an adult contrasts with its innocuous effect in a 
child. Nelaton ® and Collier " reported congenital absence of the penis 
with a urethral opening in the rectum in infants. The bowel movements 
of these patients were more liquid than normal but apparently the bowel 
wall was unaltered. Both adults who complained of rectal pain had 
fever, chills and sweats at various times and possibly suffered from 
cystitis or ascending urinary infection. Mathews’ patient died of renal 
disease, supposedly uremia, about six months after the massage of 
hemorrhoids, mentioned. The 13 year old boy whose case was reported 
by Drury and Schwarzell ® has a urethral opening similar to that of the 
men discussed but has escaped rectal difficulties. 

In the foregoing review the penile anomalies were grouped so that 
one might trace the stages of posterior urethral recession. The various 
urethral openings were noted anteriorly as in epispadias, perineally, 
anally and rectally in progressive steps. The most marked stage of 
maldevelopment is complete closure of the large bowel distally, with 
or without the presence of an anus or a vesicorectal fistula. These 
complicated anomalies are compatible with intrauterine life only and have 
been reported in newborn infants by Magid,® Priesel and Feller and 
Sternberg.^^ Outstanding characteristics of this group are : absence of 
the penis, prostate gland and urethra ; retention of one or both testes in 
the abdomen ; termination of the rectum in a fibrous strand ; a connection 
between the large bowel and the bladder by way of a patent channel 

5. Mathews, J. M.: Am. Practitioner & News 17:27, 1894. 

6. Nelaton, A.: Gaz. d. hop. 27:45, 1854. 

7. Collier, J., cited by Harris.^ 

8. Drury, R. B., and Schwarzell, H. H.: Arch. Surg. 30:236, 1938. 

9. Magid, M. : Monatschr. f. Geburtsh. u. Gynak. 83 :63, 1929. 

10. Priesel, A., in Henke, F., and Lubarsch, O.: Handbuch der speziellen 
pathologischen Anatomic und Histologic, Berlin, Julius Springer, 1931, vol. 6, pt. 3. 

11. Feller, A., and Sternberg, H.: Ztschr. f. Anat. u. Entwckingsgesch 108* 
282, 1938. 
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or a fibrous union ; ureteral stenosis or cystic distal termination ; cystic 
changes of the kidneys, and bony deformities, notably a narrow pelvis 
and vertebral imperfections. This group, though small, has been helpful 
from an embryologic and physiologic standpoint. It had been assumed 
formerly that urine from the fetus contributed to the liquor amnii. 
Monstrosities lacking a urethral exit could not furnish urine to the 
liquor, yet in all instances the amounts of liquor bathing the child were 
normal. The bony deformities found in these bodies represent a stage 
only slightly above that of sympodia or of sirenoid monsters. 

The following report of a case illustrates the several genitourinary 
anomalies and associated skeletal defects. 

RKPORT OF A CASE 

A prematurely born white Ix)}', 41 cm. long and weighing 2,020 Gm., was born 
by single foolling breech presentation to a 19 year old mother after an uneventful 
forty hour labor. The bah}’' did not cry or breathe and showed evidences of 
asphj'xia. There was complete ahscnce of the penis and anus externally (fig. 1), 
their normal sites being marked by smooth areas similar to the contiguous skin. 
The scrotum was 2 cm. in diameter and located in the normal position; its integu- 
ment was wrinkled and pink-gray. No raphe was visible on the scrotum or on 
the perineum (fig. 1). The left foot was rotated and deformed so that its sole 
faced the median sagittal plane of the body. The right foot was normal. The 
toe nails reached to within 2 mm. of the ends of the great toes. No changes from 
the normal were observed in the skin, w'hich was covered with fine lanugo hair. 

The internal organs after fixation in a 4 per cent solution of formaldehyde dis- 
closed the bladder, 1 by 3 b}' 1 cm. ; in its wall, which was thickened to 4 mm. at its 
anterior superior border in the midline, was a nubbin of tissue, 12 by 5 mm., 
projecting superiorly from the wall, w’hich represented a blunt closed urachus. At the 
right inferior posterior portion of the bladder externally, the distal end of a hugely 
dilated colon joined the wall of the bladder (fig. 3). Inferior and posterior to this 
anastomosis, the right ureter entered the bladder. At the corresponding point on 
the left side the left ureter made its entry (fig. 4). There was no urethral orifice 
in the bladder. 

The testes with their epidid 3 'mes measured 1.4 bj' 1.4 b}’’ 0.4 cm. and appeared 
grossly normal. The left w’as in the scrotum ; the right lay on the left psoas at 
its midportion. The ductus deferens of each side became lost in a mass of fibrous 
and areolar tissue near the site of entrance of the ureters into the bladder. No 
prostate gland or seminal vesicles were found. 

The right kidney was 8 bj’’ 10 by 7 mm. ; its surface was knobby and cj'stic. 
The right ureter pursued a very tortuous course to its junction with the bladder. 
It measured up to 3 mm. in diameter cxternallj', its wall was thickened markedly 
up to 1 mm., and in most places the lumen was of pinpoint size. The left kidney 
was IS by 12 by 10 mm. Its surface was deformed markedlj’^ by C 3 'sts up to 6 
mm. in diameter. The ureter 4 mm. distal to the ureteropelvic junction became 
a thin fibrous strand, 0.5 mm. in diameter, extending 8 mm., and again widened 
out into a more normal-appearing ureter, 2.5 mm. in external diameter. 

The normal-appearing cecum and appendix lay in the right lower quadrant of 
the abdomen, as did the distal end of the gastrointestinal tract. The large bowel 
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measured 35 cm. from the cecum to its distal termination in the bladder. Imme- 
diately distal to the cecum the colon was 15 mm. in circumference, and the folds 
of the mucosa were very prominent. The colon 15 cm. distal to the cecum began 
progressively to balloon into a thin-walled structure, 55 mm. in circumference, 
with a wall 0.5 mm. thick. The mucosal surface here was smooth and without 
folds. Meconium was present in the distal 15 cm. of bowel. At its junction with 
the bladder the colon tapered abruptly to a point. A flap of the mucosa of the 



Fig. 1. — A, posterior view illustrating the absence of the anus and of the scrotal 
raphe clubfoot on the left. anterior view demonstrating the absence of the 
penis and of the scrotal raphe. 

bladder formed a valvelike structure which partially covered the opening of 
the colon into the bladder. This communication between the bladder and the colon 
was patent. 

Two umbilical arteries and one umbilical vein were present. The left umbilical 
artery pursued a very tortuous course about 2 cm. before entering the umbilical 
cord. 
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The spinal column showed no obvious gross defects other than a deviation 
of the last few coccygeal segments toward the left. Koentgen examination of the 
spine revealed displacement of several ossification centers of the transverse processes 
of the fifth lumbar and first three sacral vertebrae. 

The ilia showed no significant changes ; the acetabulums appeared normal. 

The inferior rami of the ischia were displaced medially and fused in the midline 
below the true symphysis pubis along the greater part of their course, forming 
what appeared to be a greatly elongated symphysis pubis, 28 mm. long. At a 50 



Fig. 2. — Schematic representation of anatomic relation. B indicates the bowel ; 
Bl, the bladder; T, the testes; U, the ureters; K, the kidne 3 ’s; X, the urachus, 
and F, the communications between the bowel and the bladder. 

degree angle, where the ischia separated, were the ischial - tuberosities, which at 
their greatest point were separated by a distance of onl}'- 12 mm. The distance 
between the ischial spines was 12 mm. also. From the tip of the cocej'x to the 
point of bifurcation of the medianly fused inferior rami of- the ischia, the anterior- 
posterior diameter of the outlet of this pelvis was 10 mm. 

There was no asymmetr 3 ’^ of the brain. No changes were observed in the 
hypophysis or in the large cranial venous sinuses. The cranial fossae were symmetric. 
The tongue, pharynx, larynx and roof of the mouth were normal. 
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Histologic Observations . — In the paraffin sections the right kidnej^, fixed in a 4 per 
cent solution of formaldehyde and stained with hematoxylin and eosin, hugely dilated 
veins occupied about 20 per cent of the section, had remarkably thin walls and 
were associated with distended tortuous capillaries. At least one third of the 
section consisted of old connective tissue, partly hyalinized and sparsely sprinkled 
with small lymphocytes. Localized clumps of 50 to 100 of these cells were scat- 
tered sparsel}' throughout the section. The arteries had thick walls (fig. 5), 
some of which were twice as thick as their lumen. At least half of this increased 



Fig. 3. — Anterior view of the pelvic and abdominal contents, illustrating at B 
the dilated part of the large bowel, at U the urinary bladder, at T the testes and 
at X the communication of bowel and bladder. 

thickness was due to edema. Most of it was in the media, with the adventitia 
also involved. Collecting tubules occurred singly or in groups up to seven and 
were lined by high cuboidal epithelium. The cysts were irregular, lined by a 
compressed single layer of epithelial cells. Their bulk occupied about 30 per 
cent of the section; all the cysts were empty. No structures resembled glomeruli, 
but occasional partially hyalinized bodies suggested degenerated and organized 
glomeruli as in advanced nephrosclerosis. 
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In the left kidnej' glomeruli occurred, 5 to 8 per square millimeter. The}' 
were most numerous in two sharply circumscribed regions, each about 3.5 bj' 3 mm. 
Closel}' packed masses of epithelial cells were seen, concentrically layered or in a 
heterogeneous arrangement. 

In both kidneys dilated tubules, especially outside of the fibrous snarcd-ofl 
regions, contained amorphous debris, in which were green globules resembling 
bile. At least three fourths of the cells within these tubules were lymphocytes. 
Onl}' rare polj'inorphonuclear leukocytes and other inflammatory cell types occurred. 
In several regions, green globules with tan debris were observed in the walls 



Fig. 4. — Posterior view of a dissection illustrating at D the diaphragm, at U 
the ureters, at S the ureteral stricture on the left, at K the kidneys, at B the dilated 
bowel, at B1 the urinar}' bladder and at T the testes. 

of the blood vessels and in the connective tissue outside the tubules. A typical 
region showing the latter type of accumulation had a central area of necrosis, 
then a zone of sparsely applied fibroblasts and at the peripher}’ collections of 
lymphocytes with fibroblasts. 

Each cross section of testicle consisted about one-half of red blood cells free 
in the interstitial tissue. There was blood free in the tunica albuginea. In the 
epididymis there were lymphocytes in the loose connective tissue between the 
tubules, in irregular rows. They comprised about 10 per cent of the cells seen. 
There was extensive desquamation of the cells lining the tubules. 
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A section of urinary bladder close to the left ureteral orifice had a heavy 
muscular wall. The lining of the bladder was vacuolated extensively and consisted 
of four to five rows of transitional epithelium. In the first part of the left ureter 
the cell layers numbered up to eight. Only occasional scattered lymphocytes were 
observed in the submucosa of the bladder. The wall of the right vas deferens was 
twice the normal thickness and edematous. There were numerous lymphocytes, 
especially in the zone adjacent to the wall of the bladder. 



Fig. 5. — Low power photomicrograph of a section of the left kidnej”^, illustrating 
at A a thickened artery, at T dilated tubules filled with debris, bile and lympho- 
cytes and at CT the connective tissue bands enclosing hyalinized renal glomeruli 
and tubules. 

A section of the fibrous mass in the region of the urachus was bladder with 
a wall as muscular as in the other sections and with an unaltered lining. Green 
globules, like those in smears of fresh meconium and in the dilated debris-filled 
tubules of the kidney, were seen in an unstained section of the kidney. 

Sections of other internal organs revealed no pathologic changes pertinent to 
this problem. 
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COMMENT 

An analysis of the conditions encountered in the present report 
corroborates Hinman’s opinion : “Malformations of the penis usually 
are associated with other anomalies, very often of the urethra. They are 
caused by maldevelopment of the phallus and genital tubercle, together 
with those portions of the urogenital sinus concerned in the formation 
of the external genitalia and urethra." The complete absence of the 
anus and rectum, however, further complicates the embryologic distor- 
tions. The absence of a perineal and scrotal raphe suggests a midline 
defect in early embryonic development. To produce the picture pre- 
sented here, the cloaca must have failed to form the distal part of the 
bowel and contributed only the urinaiy bladder, omitting the proximal 
part of the urethra. The urogenital sinus, which nonnally contributes 
the rest of the urethra, failed to function, as did the genital tubercle, 
which should have difl’erentiated into the penis and the genital folds 
which ordinarily form the prepuce and integument of the penis. The 
lateral genital swellings united to form the scrotum, which lacked only 
a raphe. 

The acetabulums were deep and thin; they appeared disproportion- 
ately large in the narrow pelvis. The fused ischial rami and diminutive 
pelvic outlet, coupled with the displaced ossification centers of the distal 
vertebrae, suggested a relationship between the abnormality being 
reported and sirenoid monsters. The lower extremities, with the excep- 
tion of the left clubfoot, were well developed. 

The condition of the kidneys was especially interesting. Their 
alterations were vastly different from the hydronephrosis which usually 
results from obstruction to urinary outflow. The changes suggested 
marked chronic inflammation coupled with advanced benign nephro- 
sclerosis. The inflammatory processes resulted in the production of 
broad constricting and intercepting connective tissue bands. These 
snared-off groups of tubules were dilated to produce C3’’sts of various 
sizes and in general distorted the renal architecture. The tubules in 
places contained debris mixed with green globular material resembling 
bile. The most plausible explanation of the renal and ureteral changes 
is that meconium entered the bladder through the tract leading from the 
bowel. Mixed with urine, it easily passed to the kidneys in retrograde 
fashion, as the ureters were dilated distally. The bile then acted as an 
irritant in the tubules and induced an aseptic inflammation which 
produced the bizarre distortions noted. 

12. Hinman, F. : Principle and Practice of Urology, Philadelphia, W. B. 
Saunders Company, 1935. 
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SUMMARY 

A case of congenital absence of the penis, anus, prostate gland and 
urethra is reported in a premature infant who had a fistulous tract con- 
necting his atretic large bowel and bladder. The marked inflammatory 
changes observed in the kidneys are attributed to the irritant effect of 
bile which entered the urinary system in meconium. The marked pelvic 
contraction and spinal defects suggest that this body possessed some 
of the characteristics of sirenoid monsters. 



CHRONIC HYPOGLYCEMIA 

REPORT OF TWO CASES WITH ISLET ADENOMA 
AND CHANGES IN THE HYPOPHYSIS 

NATHAN B. FRIEDMAN, M.D. 

NEW YORK 

The syndrome of chronic hypogl3fcemia associated with islet tumors 
of the pancreas has become a well recognized clinicopathologic entity 
because of the striking correlation between the clinical, pathologic and 
physiologic findings. The review published by MHiipple and Frantz ^ 
summarizes the observations in the earlier cases, and many further 
reports - have appeared, but there are still relativel}' few containing the 
results of complete autopsies. 

I offer such a study of 2 patients with hypoglycemia who presented 
several interesting features and clinical problems. Islet adenoma, with 
islet hyperplasia, marked changes in the pituitary glands and several 
other lesions of interest were revealed at necropsy. The possible rela- 
tionship of some of these changes to the hypoglycemia as well as to the 
obesity which developed in these patients will be discussed. 

From the Medical and Laboratorj- Divisions, Montefiore Hospital for Chronic 
Disease. 

1. Whipple, A. O., and Frantz, V. K. : Ann. Snrg. 101:1299, 1935. 
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REPORT OF CASES 

Case 1. — Summary . — This patient had suffered from seizures for about two 
years before the diagnosis of chronic hypoglycemia was made at another institu- 
tion. He was studied there for one and a half years, and at laparotomy for sus- 
pected pancreatic adenoma no tumor was found. He was transferred to this 
hospital and studied for two years before death occurred during a hypoglycemic 
attack. Necropsy revealed an islet adenoma of the pancreas and marked 
adenomatous hyperplasia of the chromophile cells of the pituitary. 

History . — A 50 year old Jewish man was admitted to the Alontefiore Hospital 
in June 1935. In October 1933 he had been studied elsewhere for suspected tumor 
of the brain. At that time he had complained of seizures varying from dizzy spells 
to episodes of peculiar behavior or even unconsciousness, of which he had been 
aware for about two years. He was rehospitalized at a second institution in 
February 1934, after considerable progression of his symptoms. The association 
of his seizures with low levels of the blood sugar and the relief of symptoms on 
intravenous administration of dextrose were observed, and the diagnosis of chronic 
hypoglycemia was established.® The presence of extrapyramidal signs, such as 
parkinsonian facies and gait, loss of associated movements, tremors and slurred, 
syllabic speech, were considered significant. At laparotomy for suspected islet 
adenoma of the pancreas, no tumor was found, and biopsies of the liver and 
pancreas gave essentially negative resrilts. 

On examination in June 1935, the markedly obese patient was 160 cm. in height 
and weighed 92 Kg. An incisional ventral hernia was present. The blood pressure 
on numerous occasions ranged from 120 systolic and 80 diastolic to 170 systolic 
and 100 diastolic. The picture suggestive of parkinsonism described was present. 

The urine and blood counts were essentially normal. The Wassermann reaction 
of the blood was negative. The blood sugar was 30 to 60 mg. in 100 cc. (fasting) ; 
lactic acid, 15.7 mg.; urea nitrogen, 5 to 12.1 mg.; uric acid, 3.3 mg.; creatinine, 
1.8 mg.; cholesterol, 122.9 to 149 mg.; cholesterol esters, 78.8 to 112 mg.; serum 
albumin, 3.2 to 4.9 mg. ; serum globulin, 2.1 to 3.7 mg. ; calcium. 10.5 mg. ; phos- 
phorus, 3.4 mg. ; chlorides, 566 to 604 mg. ; carbon dioxide-combining power, 52 
to 63 volumes per cent. Sugar tolerance tests showed a rise from low levels to 
about 150 mg. at one hour with a fall to low levels at two to three hours. 
Epinephrine (1 cc. of a 1 ; 1,000 solution) caused a rise in blood sugar (60 to 
90 mg.) and lactic acid (15.7 to 36.9 mg.) and a fall in phosphorus (3.7 to 2.5 mg.). 
Insulin caused no more marked fall in the blood sugar than was present spon- 
taneously. It did, however, decrease somewhat the hyperglycemia following 
administration of dextrose. There was no creatinuria, and the urinary nitrogenous 
constituents were normal. 

Roentgen examination showed a normal sella turcica. The basal metabolic rate 
(nonfasting) was plus 9 per cent and plus 3 per cent (average calories per hour, 
77.8; normal for height and weight, 73.3). 

Course . — The previous regimen of a high carbohydrate diet with added feedings 
was continued. When food was withheld, hypoglycemic symptoms appeared. In 
mild attacks restlessness, unresponsiveness, sluggishness or sometimes aggressive- 
ness, with paranoid trends, were noted. In more severe attacks the patient became 
semistuporous, thrashing about with no definite convulsive pattern. During these 
attacks salivation and diaphoresis were marked, and a positive Babinski sign could 


3. Blau, A.; Reider, N., and Bender, M. B.: Ann. Int. Med. 10:910, 1936. 
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be obtained. The oral administration of sugar during a mild episode relieved the 
symptoms in about fifteen minutes, but more severe attacks necessitated administra- 
tion of dextrose by stomach tube or by intravenous injection. The injection of 
as little as 1 Gm. of dextrose, with only minimal elevation of the blood sugar, 
was often striking in its almost immediate restoration of the patient. 

During seizures there were no essential changes in the chemical constituents of 
the blood with the exception of dextrose. The respiratory and pulse rates and the 
blood pressure rose; extrasystolcs or pulsus alternans was occasionally noted, and 
the skin was mottled and cyanotic. The blood volume (congo red) was unchanged, 
and there was moderate leukocytosis, but there was no other change in the blood 
picture. 

After prolonged attacks there occasionally occurred spontaneous but temporarj' 
improvement with a rise in the blood sugar. 

It was found necessary to give the patient a diet of between 50 and 75 Gm. 
each of protein and fat and of from 700 to 1,000 Gm. of carbohydrate, with frequent 
feedings, in order to maintain his blood sugar above shock levels. On this regimen 
his weight rose from 92 Kg. on admission to 130 Kg. at his death, two 3 ’ears later. 

Thyroid extract was given on several occasions to the point of toxicih', with a 
basal metabolic rate of plus 44 per cent (117.9 calorics per hour), a treatment 
which occasionally held his weight level for a few weeks at a time. 

With ephedrine, as well as with thyroid extract, the blood sugar levels were 
slightly higher, but no significant decrease in carbohydrate intake was possible. 

The patient complained of increasing weakness, which was not aided by 
benzedrine, ephedrine and prostigminc, and of dilTicully in walking and speaking. 
He had considerable gastric distress accompan.ving feedings. Under full atropiniza- 
tion the blood sugar levels were generally lower, although there was considerable 
alleviation of the difficulty in speaking and walking. 

In November 1936 irradiation of the pituitary was tried, the doses totaling 
750 roentgens over about a nine day span. Severe exacerbation of the hypoghTemic 
state followed, so that on a carbohj'drate intake on which he had been shock 
free for some weeks he had frequent severe seizures. The following figures for 
blood sugar reveal the marked alteration, which was temporar}\ 

Before Do.x- At Given Number of Minutes After De.xtrose 

trose (30 Gni. , , 

Given Orally) SO CO 00 120 , 


Control Go 130 liiO 100 55 

After irradiation 03 302 47 41 


Beginning in March 1937, a higher protein diet was given, but the carbohydrate 
intake could not be reduced significantly. The blood urea nitrogen, however, 
which had been as low as 5 mg., rose to 12. Protein in the forms of casein 
(100 Gm.) and meat (400 Gm.) was also substituted for the added carbohj’^drate 
in two trials (€ 000 “*). The blood sugar level, however, was not maintained, 
and the onset of hypoglycemic symptoms necessitated the use of carbohydrate. 

During 1937 numerous small filiform papillomas appeared on his face, neck 
and chest. In August 1937 an acute respiratory infection developed, with a rise 
in temperature to 103 F. During this period it was found possible to cut down 
his carbohydrate intake considerably and still avoid seizures. This had been noted 
during a similar episode in December 1935. 

On recovery from the infection he had many seizures, and although his carbo- 
hydrate intake was increased steadily, the attacks persisted. On the evening 


4. Conn, J. W. : J. Clin. Investigation 15:673, 1936. 
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of his death he was seen to be restless, and later he lapsed into a typical seizure. 
On intravenous administration of dextrose he did not respond as usual but became 
markedly cyanotic and went into collapse, from which he died despite adminis- 
tration of epinephrine. 

The conditions finally diagnosed clinically were : chronic hypoglycemia ; obesity ; 
encephalopathy of unknown origin; possible islet adenoma of the pancreas. 

Pathologic Obsetvations . — The anatomic diagnosis (Dr. David Perla) was; 
obesity ; islet adenoma of the pancreas ; basophilic and eosinophilic adenomatous 
hyperplasia of the anterior lobe of the pituitary; bilateral cortical adenomas of 
the adrenals ; tubular adenoma of the kidney ; polypoid adenomas of the ileum ; 
papillomas of the skin ; hyperplasia of the interstitial cells of the testis ; hypertrophy 
of the prostate ; hyperplasia of the spleen ; chronic gastritis ; marked congestion 
and cyanosis of the viscera; cardiac hypertrophy. 




j 


Fig. 1. — Gross appearance of the pancreatic adenoma in case 1. 

The body showed extreme generalized obesity. A midline abdominal healed 
surgical scar, 30 cm. in length, was present. The pupils were dilated, and the 
face was markedly cyanotic. There were many pedunculated papillomas and 
fibromas over the face and chest. 

All of the viscera showed extreme congestion and cyanosis. The heart weighed 
500 Gm. The lungs showed moderate congestion and edema. The 2,500 Gm. liver 
was intensely congested and cyanotic. The 180 Gm. spleen was grayish red and 
diffluent. The kidneys together weighed 450 Gm. and were markedly congested. 
The adrenals together weighed 18.5 Gm., and both showed small cortical adenomas. 
The thyroid weighed 24 Gm. The seminal vesicles, prostate, bladder and testes 
appeared normal. 

The pancreas weighed 160 Gm. and was very cyanotic and friable. In the 
tail was a firm nodule, 3 by 2.5 by 2 cm. (fig. 1). It was moderately well encapsu- 
lated and showed on section a grayish yellow surface with grayish streakin'^ 
extending from the capsule. 




998 


ARCHIVES OF PATHOLOGY 


The brain weighed 1,240 Gm. The right lateral ventricle was narrowed and 
distorted, and the posterior horn was slightly dilated. 

The pituitary weighed 620 mg. On section there were numerous opaque nodules 
in the anterior lobe. The pineal gland was calcified. 

Microscopic Observations . — The heart showed moderate hypertrophy of the 
muscle fibers. The lungs and liver showed extreme congestion. The kidneys were 
congested, and a single small tubular adenoma was noted. The adrenals were 
markedly congested and showed several lipoid-rich cortical nodules. The prostate 
showed slight adenomatous hyperplasia. The stomach showed thinning of the 
mucosa and extensive round cell and slight polymorphonuclear infiltration. The 
testis showed proliferation of the interstitial cells, particularly in one region, 
where the tubules were atrophic. Spermatogenesis was diminished. The thyroid, 
parathyroids, spleen and pineal gland showed no essential abnormalities. 

The major lesions were in the pancreas and pituitary. The nodule in the 
pancreas was composed of tissue resembling that of the islets of Langerhans 
(fig. 2). It siiowcd ribbons and cords of columnar and cuboidal cells, with a 
thin, delicate stroma of connective tissue and capillaries. In many areas the nuclei, 
which were oval and vesicular, were basally placed with respect to the capillaries. 
The fibrous stroma was increased in some portions, and there were isolated nests 
and clumps of cells. There was a definite fibrous capsule containing similar cell 
masses. The cytoplasm of the cells was acidophilic and granular. 

After fixation in solution of formaldehyde U. S. P. a portion of the adenoma 
was refixed in a dilute Helly solution and stained witli fuchsin orange by the 
method of Bayley.® The cells uniformly showed reddish granules in the cytoplasm. 
These granules were not as brilliant red as those seen in the beta cells of a section 
of freshly fixed guinea pig pancreas used as a control. The remainder of the 
pancreas had undergone such extensive degeneration, presumably post mortem, that 
histologic studies were out of the question. 

The pituitary was fixed in Orth’s solution, was sectioned in seven sagittal 
planes and stained with heniato.xylin and with -.lallory’s connective tissue stain 
for study (Dr. Charles Spark). 

The anterior lobe showed striking hyperplasia of both basophilic and eosinophilic 
elements with reduction in the number of chromophobes. 

The basophilic adenomatous hyperplasia was most marked. There were 
numerous poorly circumscribed nodules up to 1 mm. in diameter, composed of 
at3’pical basophilic cells. These were irregular in size and shape, with large 
vesicular nuclei, and there were bizarre giant forms and syncytial structures. 
Transitional forms and cells showing loss of granules were also present in 
abundance, but vacuoles were scanty and no “colloid” basophils (Crooke®) were 
seen. 

Several larger, fairly well circumscribed nodules, up to 4 by 2 mm. in size, 
with definite compression of capillaries and of the surrounding tissue, were seen 
(fig. 3). These were composed chiefly of large, fully granulated basophils, 
although some cells showed p3"knotic nuclei and agglutinated granules. 

The acidophils were also increased in number, but most of them appeared 
as broad sheets of normal, fully granulated cells. There was a single 2 63’’ 1 mm. 
nodule of transitional lightly granulated forms. Near the pars intermedia was 
an area of large, irregularly shaped cells, only moderately well granulated, but 


5. Bayley, J. H.: J. Path. & Bact. 44:272, 1937. 

6. Crooke, A. C. : J. Path. & Bact. 41:339, 1935. 



FRIEDMA N—H YPO GL YCEMIA 


999 


with huge vesicular nuclei and veiy prominent nucleoli, resembling cells seen in 
malignant tumors. 

Throughout the anterior lobe there was little follicle formation and no colloid 
retention. The connective tissue was not increased. 

The region of the pars intermedia showed large cysts filled with colloid, and 
there was moderate infiltration of the pars nervosa with small, irregularly shaped, 
fairly ripe basophilic cells. However, the degree of infiltration was only a fraction 





Fig. 2. — Microscopic appearance of the pancreatic adenoma in case 1. 


of that seen in the second case. There was no increase in the pigment of the 
posterior lobe. 

A study was made of the brain cortex, basal ganglions, mesencephalon, pons 
and medulla (Dr. Charles Davison). The vessels were congested, and there 
were scattered small hemorrhages (agonal). Studies of myelin sheaths showed 
no abnormalities. In all the regions examined, some of the nerve cells showed the 
changes of ischemia. 
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In addition to these changes, some of the cortical nerve cells showed the 
so-called water changes. In the caudate and putamen occasional nerve cells were 
disintegrated, and a few Alzheimer glia cells (types 1 and 2) were noted. There 
was marked calcification of some of the pallidal blood vessels. There was an 
occasional water cell in the thalamus. 



Fig. 3. — A nodule in the pituitary in case 1. 


The cells of the nucleus supraopticus, nucleus paraventricularis, nucleus reuniens, 
nucleus mamilloinfundibularis and nuclei tuberis showed poverty of the usual pig- 
mentary deposits, and in the nucleus basalis such deposits were absent. There 
were a few vacuolated cells in one area of the nucleus paraventricularis. 

Case 2. — Summary . — The patient had suffered from seizures for three years, 
which were associated with a low level of the blood sugar and could be relieved 
by the administration of sugar. Focal neurologic signs were present. When 
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increased intracranial pressure became evident, study suggested a tumor of the left 
side of the brain. Craniotomy revealed a large subdural hematoma, which was 
removed, but the patient died eighteen days after the operation. Necropsy revealed 
an islet adenoma of the pancreas, marked hypertrophy and hs^perplasia of some 
of the islets of the pancreas, marked adenomatous hyperplasia of the chromophile 
cells of the pituitary and a fungus infection of the esophagus. 

History . — A 56 year old Jewish man was admitted to the Montefiore Hospital 
in January 1936. He gave a history of occasional attacks of dizziness over a 
period of three years, associated with stiffness and loss of control of the right arm 
and leg during seizures. In the year preceding admission he had seizures while 
asleep, during which he mumbled and shouted, thrashed about with his right arm 
and leg, became flushed and perspired, and from which he could not be aroused. 
The attacks increased in frequency and were relieved or prevented by the taking 
of food or orange juice. Increasing hunger was noted, and the patient had gained 
about 25 pounds (11.3 Kg.) in weight in six months. During one attack in 
September 1935 he had fallen down a flight of stairs. 

Examination showed an obese man, weighing 74 Kg. and measuring 160 cm. in 
height. The blood pressure was 130 systolic and 90 diastolic. There were tortuous 
peripheral vessels and slight retinal arteriosclerosis. There was very slight right 
hemiparesis. 

The urine and blood counts were normal. The Wassermann test of the blood 
was negative. The blood sugar was 45 to 59 mg. in 100 cc. (fasting) ; lactic acid, 
16.3 mg. ; urea nitrogen, 16.8 mg. ; calcium, 12.2 mg. ; phosphorus, 4.8 mg. ; 
chlorides, 597 mg.; serum albumin, 4.7 mg.; serum globulin, 3.2 mg.; cholesterol, 
122 mg. Sugar tolerance tests revealed a basal level of 50 mg. or lower and a 
peak of over 100 mg. at one hour and a fall to low levels at three hours. 
Epinephrine caused a rise in blood sugar (56 to 95 mg.) and lactic acid (16.3 to 
40.5 mg.). Insulin did not recognizably accelerate the spontaneous fall in blood 
sugar but decreased the hyperglycemia induced by dextrose. 

Shortly after admission the patient was seen in an attack, during which he 
became noisy and nonresponsive. He sweated, flushed and had occasional twitch- 
ings of the mouth and hands. Such seizures could be produced by fasting and 
were associated with low levels of the blood sugar. Dextrose given by mouth 
relieved attacks in from ten to fifteen minutes, and dextrose injected by vein was 
almost immediately active, even in small amounts (less than 5 Gm.). 

The patient was placed on a diet high in carbohydrate (370 Gm.), with frequent 
added feedings to maintain the blood sugar above shock levels. 

In April 1936 nausea and vomiting gradually developed, with frontoparietal 
headache on the left side. 

The essential observations were those of right hemiparesis, which had not 
progressed from that noted on admission and which had been considered the 
residuum of an old unnoticed cerebral vascular accident. The fundi revealed 
hyperemic disks with blurred margins and engorged veins, although there was no 
measurable elevation. 

Lumbar puncture disclosed a spinal fluid pressure of 260 mm. of water. The 
fluid was normal. The temperature at about this time had risen occasionally arid 
irregularly to 102 F. without obvious cause. The patient had become partially 
disoriented, facetious and euphoric. Encephalography revealed the left lateral 
ventricle to be larger than the right and displaced beyond the midline. The right 
lateral ventricle was partly filled and was displaced to the right and downward. 
The third ventricle was dilated and displaced to the right. 
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On April 29 a left frontoparietal craniotom}'^ was performed by Dr. Ira Cohen, 
the temperature having fallen to normal preoperatively. A huge subdural hematoma 
was disclosed extending over practically the whole left hemisphere and beneath 
the temporal and frontal poles. It was up to 3 cm. in thickness and was partially 
liquefied, containing 50 cc. of dark brown material. The entire hematoma, which 
was somewhat adherent to the dura, but practically not at all to the arachnoid, 
was removed in pieces. 

Postoperatively there was no change in the hypoglycemic state, and the blood 
sugar was maintained above shock levels on the same regimen as was described. 

At first the patient’s general condition was good, but on the eleventh post- 
operative day his temperature began to rise, and he became semistuporous, with 
Cheyne-Stokes respiration, and had intractable hiccup, abdominal distention and 
incontinence. When a series of convulsions involving the left arm and the right 
leg appeared, a postoperative hematoma was suspected, but bilateral frontoparietal 
bore holes revealed none. On May 16, with a blood pressure of 80 systolic and 
55 diastolic, pulmonary edema developed and the patient died, with a terminal 
temperature of 104 F. The blood sugar on the last two days had risen to 280 
and 320 mg. on the forced carbohj'drate regimen, but there was no acetonuria. 

The conditions finally diagnosed clinicall}' were: chronic hypoglycemia; obesit}-; 
status after craniotomy for subdural hematoma; possible islet adenoma of the 
pancreas. 

Pathologic Observations . — The anatomic diagnosis (Dr. Henry Brodj') was: 
obesity; hyperplasia of the islets of Langerhans with the formation of single large 
islet adenoma ; basophilic and eosinophilic adenomatous hyperplasia of the anterior 
lobe and basophilic infiltration of the posterior lobe of the pituitary; craniotomy; 
extradural hematoma; bronchopneumonia of the left lower pulmonary lobe; fibro- 
myoma of the esophagus ; pseudomembranous (fungous) esophagitis. 

The bod}' showed marked generalized obesity, and there was a great abundance of 
fat in the usual depots. There was a partiall}' healed semicircular scalp incision in 
the left frontoparietal region, with a loose underlying bone flap. There was a 
second short incision over the right frontoparietal area, with a small bone defect 
underneath. 

The heart weighed 400 Gm., and there was moderate atherosclerosis of the 
coronary arteries. The lungs were congested, and the left lower lobe showed 
small patches of bronchopneumonia with fibrinous pleuritis. The esophagus was 
adherent to the adjacent structures and showed marked wrinkling and thickening 
of the brownish mucosa. At the junction of the esophagus with the stomach was 
a fibromyoma, 2 by 1 cm. The stomach was dilated. The liver (2,500 Gm.), the 
spleen (210 Gm.) and the kidneys (370 Gm. together) appeared normal. 

The pancreas was normal in size and shape and showed a moderate interlobular 
infiltrate of fat. At the junction of the body and head, at the upper edge of the 
posterior surface, was a firm spherical 1 cm.-sized encapsulated nodule, fairly 
well demarcated from the surrounding pancreatic tissue. It cut with increased 
resistance, showing a chalky white surface with a few 1 mm.-sized purplish areas. 

Under the left frontoparietal bone flap there was a fairly large organized 
extradural hematoma. The 1,700 Gm. brain was flattened in the region of the 
flap, was generally congested and was slightly indented over the right orbital 
convolutions. On section the left ventricle was constricted, while the third ventricle 
was distorted and shifted to the right. 
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The pituitary weighed 660 mg. On sagittal section opaque whitish tissue 
replaced most of the normally glistening and translucent posterior lobe. The 
anterior lobe showed numerous small whitish opaque nodules. 

The pineal gland appeared normal. The thyroid, parathyroids and testes Avere 
not examined. 

macroscopic ObscrvaSious . — The liver showed a few small foci of fatty change 
and slight central congestion. 



Fig. 4. — Microscopic appearance of the pancreatic adenoma in case 2. 


There vas a tiny infarct of the spleen, but the heart, lungs, kidneys, adrenals, 
prostate and pineal gland shoued no essential abnormalities. 

The major lesions were found in the pancreas, pituitary and esophagus. The 
nodule in the pancreas suggested an islet adenoma. It was composed of ribbon- 
hke cords of columnar cells with a pale granular cytoplasm and regularly arranged 
oval nuclei (fig. 4). The cords were frequently one cell laj'er thick, with delicate 
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stroma and capillaries on both sides. In some places, double layers and papillary 
structures were present. In others there were glandular structures with basally 
placed nuclei. Solid masses of cells were present in some areas. The resemblance 
to islet tissue was definite. In some regions the cells sliowed pylcnosis of the nuclei 
and disappearance of the cellular outline, with pale myxomatous, hyalin-like material 
deposited interstitially and perivascularly. Slight to severe fibrosis was present 
throughout, with fibrous septums transversing the adenoma. These were con- 
tinuous with a thick fibrous capsule in which both adenomatous tissue and pan- 
creatic acinar tissue were present. Ductlike structures were present in the adenoma 
and the capsule and at points along the capsule strongly suggested continuity with 
the adenomatous tissue, although serial sections failed to demonstrate this definitely. 
In one of these areas a few bizarrely shaped hyperchromatic nuclei and multi- 
nucleated cells were seen. 

The pancreas elsewhere showed areas of fibrosis and fatty infiltration. The 
acinar tissue was not remarkable, but there were definite changes in the islets. 
Most of the islets appeared normal, but in a few areas in the head, near the 
adenoma, they were unusuallj’ large and numerous and showed a cellular structure 
unlike that of the other islets. Thej”^ were composed of ribbons and cords of 
columnar cells and markedly resembled the tissue seen in the adenoma (fig. 5). 

The pancreas, at first fixed in Jores •’'* solution, was refixed and stained as 
in case 1. Although the preparations were not completely satisfactory, the normal- 
appearing islets showed both pale cells and cells with reddish granules in their 
cytoplasm. The former were considered to be of the alpha and the latter of the 
beta type. The cells of the adenoma uniformly showed a reddish granular cyto- 
plasm similar to that seen in the beta cells. 

The pituitary gland was fixed and stained as in case 1 and studied in five 
sagittal planes (Dr. Spark). The anterior lobe showed adenomatous hyperplasia 
of both the basophilic and the acidophilic cells, preponderantly the former. The 
chromophobe cells were reduced in number. Throughout the anterior portion 
were numerous large and small masses of basophilic cells in all stages of evolution. 
Some contained deeply stained granules ; others were of the transitional type, 
with granules that stained light grayish blue. The cells were irregular in shape 
and size, and the nuclei tended to be large and vesicular. Binucleated basophilic 
cells were not uncommon, and vacuoles were large and numerous. No “colloid” 
basophils were found. 

On the inferior surface of the anterior pole near the midline was a 4 b}' 1 mm. 
fibrosing basophilic adenoma, consisting of irregularly shaped nests of transitional 
basophils, separated by a moderate amount of loose stroma. At the same level 
were large groups of transitional basophilic cells undergoing necrobiosis, with 
small pyknotic nuclei, poorly defined cell membranes and marked loss of granules. 
At another level was a fairly well circumscribed mass, 1 mm. in diameter, of 
deeply granulated basophils with a few degenerated forms. In the posterior half 
of the anterior lobe the acidophils formed broad sheets of deeply granulated cells 
with only an occasional included basophil. The cells were typical, with normal 
nuclei, and showed little variation in size and shape. On the inferior surface 
near the anterior tip was a small oval adenoma composed of transitional acidophils 
and a few ripe basophilic elements. 

There was relatively little follicle formation in the anterior lobe, and the con- 
nective tissue stroma was increased in a few areas. 

6a. Mallory, F. B. : Pathological Technique, Philadelphia, W. B. Saunders 
Company, 1938. 
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The region of the pars intermedia contained a few moderate-sized cysts filled 
with colloid. 

The posterior lobe showed a striking picture of massive infiltration by closely 
packed ripe basophil cells. These cells resembled the basophils of the anterior 
lobe in all respects except that only a few transitional forms were present, and 



Fig. 5. — Microscopic appearance of a hyperplastic islet in the pancreas in case 2. 


there was some follicle formation and colloid retention. From one half to three 
quarters of the pars nervosa was occupied by these basophilic elements (fig. 6). 
In some areas the capsule over the posterior lobe was also invaded by basophils. 
There was a moderate amount of pigment in the uninvaded portion. 

The esophagus showed an extensive necrotic exudate replacing the mucosa and 
extending deeply into the muscle layers. There was edema, with considerable 
infiltration by inflammatory cells, chiefly lymphocytes, plasma cells and macrophages. 
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and a few polymorphonuclear leukocytes. Miscellaneous bacteria were present in 
the Gram preparation, with numerous larger forms showing branching hyphae and 
spores infiltrating the inflammatory membrane in palisade fashion, suggesting a 
fungus infection. 

The cortical and hj'pothalamic regions of the brain were studied (Dr. Davison). 
The arterioles of the cortex showed proliferation of the endothelium, and the 
nerve cells showed the changes of ischemia. The nerve cells of the hypothalamic 
nuclei showed some poverty of iron pigment, while those of the para\’entricular 
and supraoptic nuclei were swollen as well. The nerve cells of the nuclei tuberis 
proper were normal. 



Fig. 6.— Microscopic appearance of the pituitar}'^ in case 2. Note the infiltration 
of the posterior lobe. 

COMMENT 

Clinical Observations . — One feature of interest was the dural hema- 
tomaj confusing the clinical picture in case 2. This hematoma had been 
sustained, presumably, as a result of trauma during an earlier seizure. 
The possibility of such a complication in cases of this t 3 'pe should be 
borne in mind. In a case of Reiter’s previous injury of the skull 
and the presence of focal neurologic signs were similarly misleading. 
The failure of operative exploration to disclose a pancreatic adenoma 
as in case 1 has been reported. In this case, too, there was evidence 
of a disease of the central nervous system. 
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The effect of infection in temporarily ameliorating tlie severit}’ of 
the h}'poglycemic state in case 1 corroborates the obsen-ations of Blan, 
Reider and Bender ^ on the same patient. They had observed, in addi- 
tion, that tlie administration of typhoid vaccine, with fever, had a similar 
effect. 

The opposite result, marked exacerbation of the hypoglycemia fol- 
lowing irradiation of the pituitary region, is interesting in view of the 
well known effects of hypophysectomy on sensitivity to insrdin. 

One of tlie most significant of all the changes noted in chronic hypo- 
glycemic patients of tliis type, one that has been commented on by many 
observ’ers, is the marked progressive obesit}*. This was present in both 
of our cases and may be due to the high caloric diets givgn therapeutically 
or taken spontaneously by such patients. It is tempting to speculate 
on this phenomenon as a clue in' unraveling the genesis of some types 
of obesity. Falta many years ago suggested that obesity may be related 
to overactivity of the pancreas, and in this t}'pe of case such a pos- 
sibiht}- has become an actuality. This might be considered a true 
endocrinal form of obesit}- witli a definite anatomic and physiologic 
basis in the islet tumor and the hypoglycemia. 

Among others, iMassa.' Kup,® Harris ® and LichtiHtz have in 
recent years discussed this relationship. Ogilvie^^ found more islet 
tissue tlian in the controls in the pancreas of the obese subject and hypo- 
glycemic sugar tolerance curves in one third of his cases of early obesit}*. 
The finding of increased sugar tolerance in obesity has again been 
reported by Leites and Agaletzkaja.^- Insulin has been used therapeu- 
tically to increase weight for some time, although there liaA'e been some 
contradictor}' studies. iMackay and Callaway recently produced obesit}* 
in animals by the use of protamine insulin, and I have confirmed this 
obserA-ation.^'^ 

Pathologic Obso-vafioas. — The adenomas in the pancreas AA'ere quite 
typical. The histologic characters of such tumors haA'e been studied 
in detail by O'Leary and Womack^® and by Laidlaw.^® The ribbon- 

7. jSIassa, M. : Gior. di din. med, 10:679, 1929. 

8. Kup. J. : Endokrinologie 6:102, 1930. 

9. Harris, S.: Am. J. Digest. Dis. & Nutrition 2:557,^1935. 

10. Liditw-itz, L. : Pathologie der Funktionen und Regulationen, Leiden, A. W. 
Sijthoft’s UitgeA’ersmaatschappij N. V., 1936. 

11. (a) Ogih-ie, R. F. : J. Path. & Pact 37:473. 1933. (fc) Ogih-ie, R. F. : 
Quart. J. Aled. 4:345, 1935. 
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like cords of cells resembling those described by MacCallum and 
Cecil in islet hypertrophy are interesting particularly in view of the 
changes found in the other islets in case 2. Many of the islets near the 
adenoma revealed a histologic picture quite like that of the adenoma 
itself, and exhibited these ribbons. This change suggests a more diffuse 
islet hyperplasia with adenoma formation rather than the occurrence of 
a single localized tumor. It is unfortunate that in case 1 the pancreas 
was not sufficiently well preserved for studies of the islets throughout 
the organ. Several observers have noted that in cases of hypoglycemia 
with islet adenoma the pancreatic islets show such changes. Cases in 
which multiple adenoma or even diffuse adenomatosis was present have 
been reported. Specific granules were demonstrated in the cells of both 
adenomas. As other studies have shown, the granules resembled beta 
granules, although they were not quite typical. 

The changes in the pituitar}' gland were marked. The massive baso- 
phil infiltration of the posterior lobe in tbe one case and tbe relatively 
slight infiltration in the other are possibly of less significance than the 
marked adenomatous hyperplasia in the anterior lobe. 

Similar changes have been described in other cases of islet adenoma 
with hypoglycemia. Terbriiggen’s case showed two “chief” cell 
adenomas. In the case reported by Rienhoff and Lewis an excess of 
basophils was observed and two tiny adenomas without specific 
granules but “staining more deeply with ordinary stains.” There was 
also basophilic infiltration of the posterior lobe. In the case reported 
by Malamud and Grosh eosinophilic hyperplasia and a small basophil 
adenoma were noted. 

Another type of change, which is considerably more complex, has 
been seen in 2 cases. In a case studied b}" Kalbfleisch "" there Avere 
multiple pancreatic adenomas. One of these had been surgicall}'^ removed 
because of progressing hypoglycemia in spite of the presence of a 
Frohlich syndrome complex and roentgen evidence of damage to the 
sella turcica. At necropsy the other islet tumors were found. There- 
was a chromophobe adenoma of the pituitary extending out of the sella. 
The compressed pituitary showed slight basophil infiltration of the pos- 
terior lobe, and in the anterior lobe the eosinophils were more numerous 
than the basophils and the latter more numerous than the chromophobes. 
The parath)Toids showed changes suggesting chief cell adenoma, and 
softness of the bones was noted. This case is reminiscent of the one 

17. MacCallum, W. G. : Am. J. M. Sc. 133:432, 1907. 

18. Cecil, R. L.: J. Exper. Med. 13:595, 1911. 

19. Terbriiggen, A.: Beitr. z. path. Anat. u. z. allg. Path. 88:37, 1932. 

20. Rienhoff, W. F., Jr,, and Lewis, D. : Bull. Johns Hopkins Hosp. 54:386, 
1934. 
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reported by Lloyd, in which the pituitary tumor dominated the clinical 
picture. A 22 year old obese woman with male distribution of hair and 
hypogenitalism died after operation. She -showed glycosuria once. At 
necropsy multiple nodules composed of islet tissue and many large islets 
were found in the pancreas. There was an extrasellar chromophobe 
adenoma of the pituitary. The gland was reported as otherwise normal. 
The parathyroids were large and showed chief cell adenomas. 

The pituitary changes in the 3 cases first mentioned and in the 2 
cases repoi'ted in this paper certainly indicate active disease of some 
sort, but their exact significance must await further study. It is once 
more tempting to consider these changes as possibly related to the 
changes found in the pituitary in cases of obesity. Zeynek and 
Muller,-® among others, found an increase in the number of basophils 
in the pituitary and the formation of basophil and transitional cell 
adenomas in persons suffering from obesit}”^ to a greater extent than 
in nonobese persons. Spark in his laboratory confirmed these obser- 
vations (unpubbshed). 

Changes in the central nervous system have occupied the attention 
of many workers. Various degenerative processes have been described 
by Terbriiggen,^^ Baker and Lufkin.-® Moersch and Kernohan,-® 
Malaniud and Grosh and many others. Experimental hyperinsulinism 
and the changes in the central nervous system have also been investigated, 
a recent report being that of Weil, Liebei't and Heilbrunn.®' In the cases 
reported in this paper the changes found were consistent with their 
observations. 

Multiple adenomas in many endocrine glands and viscera, such as 
have been found in some of the reported cases and in my case 1, have 
been talcen by Lichtwitz and others to indicate that a central neuro- 
humoral mechanism of some sort may be primarily at fault. In the 
presence' of lesions in the central nervous system, such a possibility 
deserves consideration. 

In my case 1, in which death occurred while the patient was in 
hypoglycemic shock, the intense cyanotic congestion of the viscera 
resembled that reported in a case of Ziskind’s. The esophagitis and 

21. Lloyd, P. C. ; Bull. Johns Hopkins Hosp. 45:1, 1929. 

22. Zeynek, E. : Frankfurt. Ztschr. f. Path. 44:387, 1933. 

23. Muller, AI. ; Endokrinologie 18:114, 1936. 

24. Spark, C. : Unpublished data. 

25. Baker, A. B., and Lufkin, N. H. : Arch. Path. 23 : 190, 1937. 

26. Aloersch, F. P., and Kernohan, J. W.; Arch. Neurol. & Psychiat. 39:24"? 
1938. 

27. Weil, A.; Liebert, E., and Heilbrunn, G. : Arch. Neurol. & Ps 3 ^chiat 39 ’ 
467, 1938. 
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gastritis as possible complications of the hypoglycemia and the intake 
of large amounts of carbohydrate are somewhat interesting. 

SUMMARY 

Two cases of chronic hypoglycemia, in each of whicli an islet 
adenoma of the pancreas was found at necropsy, are reported. In both 
cases marked hyperplasia of the basophilic and eosinophilic cells of the 
pituitary was noted. In one case hyperplastic changes in the islets of 
Langerjians suggested that the adenoma might be related to a generalized 
change in the islet apparatus. 

The significance of the changes in the ])ancreas and pituitary are dis- 
cussed with particular reference to the obesity that developed in both 
patients. 



OBSERVATIONS ON LESIONS PRODUCED IN 
ARTERIES OF DOGS BY INJECTION 
OF LIPIDS 


LIPIDS injected; human fat, fatty acids, soaps 
AND CHOLESTEROL 

OSCAR O. CHRISTIANSON, M.D. 

UNIVERSITY, ALA. 

Focal lesions of arteries have been produced experimentally in 
several ways. Schilling produced such lesions in the arteries of rab- 
bits by searing and tearing the walls and by stripping off the adventitia. 
Ssolowjew produced them by stretching “ and cauterizing ^ the arteries. 
Anitschkow^ and Ssolowjew traumatized arteries of rabbits fed a high 
cholesterol diet in order that they might determine the effect of mechani- 
cal injuries on the deposition of lipids. 

There apparently has been no investigation of the effects produced 
in the walls of arteries by injections of various known lipids. Studies 
have been made, however, of lesions produced in other tissues by 
injections of fat materials. Wail “ injected lipids into the subcu- 
taneous tissues of rabbits and by microchemical studies followed the 
changes in the composition of the fats as well as the tissue reactions 
at intervals after the injections. Hirsch ® studied lesions occurring in 
the lungs of rabbits after several intravenous injections of lipids. 
Hagerty ^ produced lesions in the kidneys of rabbits and dogs, similar 
to those seen in diffuse glomerulonephritis, by injecting lipids into the 
renal arteries. 

The tissue lesions which I have studied were produced by injecting 
lipids into arterial walls in dogs. These lipids consisted of human fat 
alone or human fat mixed with one or more of the following ingredients ; 
oleic acid, stearic acid, cholesterol or these acids neutralized with 

From the John Jay Borland Fellowship for Clinical Research of the Henry 
Baird Favill Laboratory of St. Luke’s Hospital, Chicago, and the Department of 
Pathology of the University of Alabama Medical School, University, Ala. 

1. Schilling: Verhandl. d. deutsch. path. Gesellsch. 20:154, 1925. 

2. Ssolowjew, A.: Ztschr. f. d. ges. exper. Med. 69:94, 1930. 

3. Ssolowjew, A.: Virchows Arch. f. path. Anat. 283:213, 1932. 

4. Anitschkow, N. : Beitr. z. path. Anat. u. z. allg. Path. 59:306, 1914. 

5. Wail, S. S.: Virchows Arch. f. path. Anat. 245:219, 1923. 

6. Hirsch, E. F.: (a) Arch. Path. 21:765, 1936; (6) 25:35, 1938. 

7. Hagerty, C. S.: Arch. Path. 25:24, 1938. 
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aqueous solutions of sodium hydroxide or calcium hydroxide. A com- 
parative study was made of the tissue reactions induced, at various 
intervals of time. 

MATERIALS AND METHODS 

Sterile solutions of the lipids were injected into the media and subintimal tissues 
of the abdominal aorta and femoral arteries through a 26 gage hypodermic needle. 
Frequently the lumen of the vessel was entered by the needle and a small hemor- 
rhage resulted. In control experiments to determine the tissue reactions induced 
by the extravasated blood, the arteries were pierced several times. Eighty dogs, 
anesthetized with pentobarbital sodium for the operation, were killed w'ith ether. 
The arterial segments were fixed in solution of formaldehyde U. S. P. (1 ; 10) and 
in Zenker’s solution. Those fixed in the formaldehyde solution were sectioned by 
the freezing method, stained with scarlet red and counterstained with hematoxylin. 
Sections were mounted unstained and examined with a micropolariscope for 
cholesterol esters. Sections from each vessel were examined bj' the Schultz ® 
method to detect minute quantities of cholesterol. Tissues fixed in Zenker’s solu- 
tion were embedded in paraffin, cut, and stained with hematoxylin and eosin and 
with phosphotungstic acid-hematoxylin. 

MICROSCOPIC OBSERVATIONS AT SITES OF INJECTION OF 
TEST SUBSTANCES 

Human Fat. — At the end of the first day the region about the fat in the media 
and adventitia was infiltrated by many polymorphonuclear leukocytes. Usually 
there were marked fatty changes of the surrounding muscle fibers. The internal 
elastic lamina was slightly swollen. The capillaries of the media were dilated. 
The intimal lining cells were swollen and partly desquamated. In five days a 
vascular and edematous granulation tissue had formed. In this were masses of 
large mononuclear cells, many containing fine fat globules. The cellular reaction 
was most marked at the end of the first week. The lesion consisted mainl}’’ of 
chronic exudate cells, a few fibroblasts and an occasional polymorphonuclear 
leukocyte. The reaction was more marked in the adventitia than in the media. 
When fat was injected into the. media, an intimal plaque usually formed within 
five to seven days. Most of these plaques were directly continuous through a 
destroyed portion of the internal elastic lamina into the fibroblastic tissues about 
the fat in the media. The new plaques consisted of many oval and round cells that 
seemed to proliferate locally. In the older lesions the cells were spindle shaped 
and separated by abundant collagenous fibers. 

After twenty-eight days most of the fat was absorbed from the media. The 
remaining fat was surrounded by a fibroblastic tissue with many mononuclear cells. 
The lipid contained a greater proportion of crystalline fat than at the time of 
injection. In eight to ten weeks the crystals and granular fat debris often lay 
free 'in close proximity to large mononuclear cells. In other places they were 
surrounded by dense acellular scar tissue. Some of the old medial scars were 
scarcely visible; the internal elastic lamina remained interrupted, but there was 
often reduplication or splitting near its broken ends. In two hundred and twelve 
days the changes were similar except that only traces of fat remained, and the 
scars were smaller. 

8. Schmorl, G. : Die pathologisch-histologischen Untersuchungsmethoden, ed. 
16, Berlin, F. C. W. Vogel, 1934, p. 180. 
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Hitman Fat Neutralized Over an Aqueous Solution of Sodium Hydroxide . — ^The 
lesions resembled those caused by non-neutralized fat (fig. lA). The rate of 
absorption of the fat appeared slightlj' more rapid after neutralization. 

Human Fat zvitli 5 Per Cent Cholesterol. — ^This is approximately a saturated 
solution at 37.5 C. The acute inflammatory^ changes in the first few days were like 
those caused by fat alone, but after the first week the granulation tissue was more 
extensive and cellular. Many foreign body giant cells and clusters of large 
mononuclear cells were about acicular cholesterol crystals or fat droplets. The 
healing process was slow. Even after ten weeks some arteries had a considerable 
infiltrate of large mononuclear cells and foreign body giant cells about an 
occasional cholesterol crystal. No foreign body giant cells were noted in the 
media. In a healed lesion of one artery were two long acicular cholesterol crystals 
embedded in a small dense scar of the media just below the intact internal elastic 
lamina. At this level there was also a small intimal fibrous plaque. The scars 
were slightly larger and denser than those induced by human fat. 

Human Fat zvitJi 16 Per Cent Oleic Acid.^ — In the first few days slight necrosis 
and hemorrhage appeared about the lipid. In five to fourteen days the lesions were 
like those produced b}’^ human fat combined with cholesterol except that the 
foreign body giant cells were not so numerous (fig. 15). The fat was absorbed 
rapidly, and after twenty-eight days most of the arteries contained only traces of 
fat globules, a few fat crystals and granular debris. Although the initial tissue 
reaction was marked, a healed lesion resulted considerably sooner than after the 
injection of fat alone or combined with cholesterol. 

Human Fat, 16 Per Cent Oleic Acid and 5 Per Cent Cholesterol. — This was 
not a saturated solution of cholesterol at 37.5 C. All lesions were observed one 
hundred and fifty-five to one hundred and seventy-eight days after the injection. 
There were small scars with occasional large mononuclear cells. In one artery 
a cluster of small acicular cholesterol crystals was embedded in a dense acellular 
scar of the adventitia. 

Human Fat and 16 Per Cent Oleic Acid Neutralized Over an Aqueous Solu- 
tion of Calcium Hydro.vide. — The tissue response in the first two to three weeks 
was similar to that induced by mixtures of human fat and oleic acid. Many- 
foreign body^ giant cells and mononuclear cells were about small free-lying 
granules of calcium oleate. The lipids, however, were absorbed more slowly, and 
the lesions were more chronic than those caused by the aforementioned solution 
(fig. 2^). 

Human Fat and 16 Per Cent Stearic Acid. — In one artery^ examined one 
hundred and eighty-four days after the injection of the fat a small scar of the 
media remained. Overljdng this was a small intimal plaque of swollen and granular 
collagenous fibers (fig. 25). 

Human Fat, 16 Per Cent Oleic Acid and 5 Per Cent Cholesterol Neutralized 
Over an Aqueous Solution of Calcium Hydroxide. — These arteries were examined 
thirty-seven days and one hundred and forty-eight days after the injection. The 
tissue response resembled the others. In the older lesion a small cluster of 
cholesterol crystals was in a scar of the adventitia. 

9. The oleic acid was prepared by P. J. Hartsuch in the Henry Baird Favill 
Laboratory of St. Luke’s Hospital, Chicago. This purified acid had an iodine 
number of 99.4 and an acid number of 198.4. The percentage of oleic acid was 
approximately 92 and of linoleic acid 8. 




Fig 1. — A, photomicrograph of the femoral artery of a dog thirteen days after 
human fat neutralized sodium hydroxide had been injected into the media; 
X 124. Note the small intimal plaque, the intact internal elastic lamina and the 
granulation tissue about the injected fat. B, photomicrograph illustrating the 
changes in the wall of the femoral arter 3 ' of a dog fourteen days after a mixture 
of human fat and 16 per cent oleic acid had been injected into the media; X 124. 
The internal elastic lamina is interrupted and an intimal plaque is continuous into 
the fibroblastic tissue of the media. 
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Fig. 2. — A, photomicrograph of a large intimal plaque in the femoral artery 
of a clog; X 124. The wall of the artery had received an injection of an emulsion 
of human fat and 16 per cent calcium oleate twenty-eight days before death. Note 
the black deposits of calcium oleate in the medial portion of the adventitia. 
B, photomicrograph illustrating the lesions in the wall of a femoral artery into 
which a mixture of human fat and 16 per cent stearic acid was injected one 
hundred and eighty-four days before death ; X 124. Note the granular and swollen 
appearance of the intimal plaque. In the media is a small scar. 
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Human Fat, 16 Per Cent Stearic Acid and 5 Per Cent Cholesterol Neutralized 
Ovei' an Aqueous Solution of Calcium Hydroxide. — ^These lesions were like those 
produced bj' a mixture of human fat and oleic acid neutralized over calcium 
hydroxide. 

Control Experiments. — Hemorrhage and trauma were produced by piercing 
the wall of the artery with a hypodermic needle. Twenty-three arteries were 
examined one to seventy-seven da}'s later. The extravasated blood was absorbed 
rapidly; no appreciable tissue changes resulted. 


REVIEW OF OBSERVATION'S 

All fat mixtures provoked considerable tissue reaction about the 
site of injection. The resulting granuloma was maximal in one to two 
weeks. Fatt}' acids or calcium soaps added to the human fat injected 
augmented the acute and chronic inflammatory changes. Cholesterol 
or calcium soaps added to the fat iJfoduced more chronic lesions and 
a larger scar. 

Microscopically, the tissue lesions caused by a mixture of human 
fat and fatty acids were more severe in the first two weeks than those 
caused by fat alone. But this mixture was absorbed more rapidly and 
the lesions healed sooner than when only human fat was injected. If 
the fat contained calcium soaps, similar intense tissue reactions occurred 
in the first few days. The calcium soaps were slowly absorbed, how- 
ever, and more chronic lesions resulted than after the injection of a 
combination of fatty acids and human fat. When the fat contained 
a small quantit}" of cholesterol, similar chronic inflammatory lesions 
resulted. Human fat alone did not evoke foreign body giant cells. 
Mixtures of fat with fatty acids, calcium soaps and cholesterol produced 
inflammatory exudates containing many of tliese cells. 

The absorption of fat began in four days or less ; in many arteries 
most of it was absorbed within four weeks. After much fat was 
absorbed, the proportion of crystalline fat in the globules increased. 
The crystals were surrounded b}'^ clusters of large mononuclear cells 
and usually small foreign body giant cells. Often with cholesterol long 
acicular crystals were found in recent and old lesions. In the latter, 
ciystals of fat and cholesterol were embedded in a dense acellular scar. 
Most of the cholesterol was absorbed gradually, for the Schultz test^ 
became less strongly positive the older the lesion. 

The inflammatory response about the injected lipid was consistently 
more marked in the adventitia than in the media. Within forty-eight 
hours many large mononuclear cells, some laden with fat droplets, 
were observed about fat injected into the media. They were near 
dilated capillaries of the media; they probably came from the blood 
stream. Foreign body giant cells were observed only in the adventitia. 
In several weeks the scars of the media became inconspicuous and 
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often could not be identified without the aid of specific stains. The 
phospliotungstic acid-hematoxylin preparations demonstrated some 
interruptions of the elastic tissue and replacement of the smooth muscle 
by a small amount of fibrous tissue. 

Fat mixtures injected into the media in 38 arteries produced intimal 
fibrous plaques in 32 and a disruption of the internal elastic lamina 
in 23. No secondary fatty changes of these plaques were noted. A 
few plaques over five months old were nearly acellular and consisted 
of swollen granular collagenous fibrous tissue that had a slightly mucoid 
appearance. No definite evidence of deposition of calcium was noted 
in the healed lesions. Often a little dense granular debris remained 
which may have been calcium granules or remnants of insoluable fat 
crj^stals. 

COMMENT 

Several interesting observations were made during this study of the 
lesions resulting in the walls of arteries from injections of known 
lipids. The character of the lesions seemed to depend on several fac- 
tors, as discussed by Hirsch.®’’ This dependence concerned mainly the 
degree of acidity and the solubility of the injected lipids. Fatty acids 
produced intense acute inflammatory reactions, but the lipids were 
absorbed readily; therefore, the lesions healed rapidly. Calcium soaps 
and cholesterol components which were only slightly soluble in human 
fat and insoluble in tissue fluids often precipitated. As a result, they 
were absorbed slowly and produced extensive chronic inflammatory 
changes. The lesions were consistently more marked in the adventitia 
than in the media. 

Lipids injected into the media not only provoked acute and chronic 
inflammatory reactions in the immediate vicinity but caused degener- 
ation of the overlying internal elastic lamina and development of intimal 
plaques (fig. IF). Several investigators produced similar lesions by 
mechanically injuring the media. Whether intimal plaques would 
develop without injury to the elastic tissue is difficult to say. In a few 
specimens where the plaques had formed in the media at the level of 
the injected fat, the internal elastic lamina appeared unaltered (fig. 2 A). 
Occasionally the lesion of the media caused flattening of the internal 
elastic lamina without producing an intimal plaque. Cowdry stated 
that intimal plaques occur spontaneously in animals, especially in dogs; 
therefore, the assumption that they are caused by injury of an artery 
may be erroneous. Such plaques were observed occasionally in my 
experiments, but onl}' in the aorta. The majority of the intimal plaques 
produced were directly continuous with the medial lesions or in close 
proximity to the injected fat in the media. 

10. Co^Ydry, E. V.; Arteriosclerosis: A Review of the Problem, New York 
The klacmillan Company, 1933. 
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In the discussion of tlie factors involved in tlie production of arterio- 
sclerosis in man much emphasis has been placed on tlie role of choles- 
terol. Anitschkow “ stated that without cholesterol arteriosclerosis 
could not occur. In my ex])eriments even human fat devoid of choles- 
terol produced degenerative and inflammatory changes and scars of 
the media, splitting or rupturing of the internal elastic lamina, and 
intimal plaques. The addition of cholesterol tended to produce only a 
more extensive and chronic lesion. Leary suggested that the agent 
responsible for the stimulation of a marked growth of connective tissue 
in youths is some soluble product of cholesterol metabolism and not the 
precipitated cholesterol cr3’^stals. However, he believed that in old 
age when atheromas contain a large quantity of free cholesterol crystals 
the cholesterol material may stimulate connective tissue growth. Since 
the cholesterol probably was brought to these regions with solvent 
fats, it ma}’’ be that these fats, through a process of hydrolysis or oxida- 
tion, liberate fatty acids which alone or in the form of their soaps 
stimulate the formation of fibroblastic tissues or of an intimal plaque. 

During this investigation the absorption of cholesterol occurred 
slowl}^ and often large crystals remained embedded in a dense scar. 
Crystals occasionally were found near remnants of solvent fat globules. 
Anitschkow observed this relationship of cholesterol crystals and fat 
globules in healing arteriosclerotic lesions produced in rabbits by a 
diet high in cholesterol. He thought the fat had infiltrated to help dis- 
solve the cholesterol. Perhaps the fat he observed was a residue of 
the solvent lipid that had conveyed the cholesterol to the lesion. 

Zinserling described primary or sjiontaneous intimal plaques in 
dogs. In old dogs they usually were associated with a frayed internal 
elastic lamina. He observed primary fatty changes of the muscle fibers 
in the inner third of the media and deposition of fat and cholesterol 
in the ground substance. Many foam cells Avere present, and the 
lesion was surrounded by fibrous tissue. The adjacent internal elastic 
lamina was frayed; usually there was an intimal plaque. He stated 
that the usual arteriosclerotic lesion in the dog is a secondary fatty 
change of the spontaneous intimal plaque ; this lesion is combined often 
with changes in the media. He thought that in some way the plaques 
favored infiltration of lipids directly from the blood stream. To 
explain the frequently associated fatty changes in the media he sup- 
posed that the fat was carried from the intimal plaque to the media by 
the lymph channels and absorbed. 

11. Anitschkow, N. : Virchows Arch. f. path. Anat. 249:73, 1924. 

12. Leary, T.: Arch. Path. 17:453, 1934. 

13. Zinserling, W. D. : Beitr. z. path. Anat. u. z. allg. Path 88:241, 1932. 



CHRISTIANSON— EXPERIMENTAL ARTERIAL LESIONS 1019 


There is considerable evidence, however, that the medial lesions in 
arteriosclerosis may precede the intimal. Duff held that cholesterol 
compounds from the blood are only secondary in the formation of 
arteriosclerotic lesions. He regarded some alteration or lesion of the 
media as primary and stated that this produced changes in the sub- 
endothelial tissues favorable to infiltration of lipids from the blood. 
His assumption was based partly on a study of lesions in the aortas 
of rabbits. He noted close to the internal elastic lamina spontaneous 
focal necrosis of muscle fibers before any intimal changes occurred. 
In the more advanced lesions anisotropic fat deposits were noted in 
the intercellular ground substance. He observed that in rabbits fed a 
cholesterol-rich diet the spontaneous lesions became infiltrated with 
anisotropic lipids much more rapidly than other parts of the aorta. He 
suggested that sometimes this degeneration of the media produced 
intimal plaques, or the subendothelial swelling which facilitated infil- 
tration of lipids fi'om the blood. This assumption is substantiated by 
Ssolowjew - and others, who noted that mechanical injury to the blood 
vessels predisposed to the deposition of lipids in these regions in rab- 
bits fed high cholesterol diets. 

Leary studied the eaidy changes in the atheromatous plaques of 
human arteries. He described a mucoid degeneration of the swollen 
ground substance of the subendothelial tissues. He expressed the 
belief that this change may be due to a slight thyroid insufficiency and 
that it facilitates the deposition of fat. In my experiments some intimal 
plaques degenerated after five months and had a swollen mucoid 
appearance. 

My studies demonstrate that lipids in the wall of an artery, even 
those without cholesterol, produce inflammatory lesions of the media 
and the intima similar to those observed frequently in human arterio- 
sclerosis. It seems that local injury of the media may be the first 
change in the formation of an atheromatous plaque. The injured region 
then becomes infiltrated with lipids which in turn stimulate the prolifer- 
ation of fibroblastic tissue. An important effect of this medial lesion 
is an alteration of the overlying intima which predisposes to infiltra- 
tion and deposition of lipids in the subendothelial tissues. 

SUMMARY 

Lesions were produced in arteries of dogs by injecting into the 
media human fat, alone or mixed with fatty acids, calcium soaps or 
cholesterol. The severity and chronicity of the lesions varied with the 
acidity and speed of dispersal of the fat mixture. Human fat and fatty 


14. Duff, L.: Arch. Path. 22:161, 1936. 

15. Leary, T.; Arch. Path. 21:419, 1936. 
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acids produced marked acute inflammatory lesions, which liealed rapidly 
because the lipids absorbed readily. Human fat mixed with calcium 
soaps or cholesterol was absorbed slowly and caused a chronic lesion. 
Often fat and cholesterol crystals separated, became surrounded by 
chronic inflammatory exudates, including foreign body giant cells, and 
finally were embedded in dense acellular scars. 

In the formation of arteriosclerotic lesions in man the infiltrating 
lipids as well as cholesterol may be important in producing fibrous tis- 
sue. The products of hydrolysis and of oxidation of the fats are 
probably responsible for the tissue changes. 

Most of the medial lesions produced disruption or splitting of the 
internal elastic lamina and development of intimal plaques. Thus 
intimal lesions were secondary to medial lesions simulating the early 
changes described in arteriosclerosis of man. Injuries of the media 
may be important in the production of secondary intimal changes which 
predispose to the deposition of lipids in the early lesions of arterio- 
sclerosis. 



Case Reports 


LEFT INFERIOR VENA CAVA 

Benjamin A. Gouley, M.D., and Philip D. Gilbert, M.D., Philadelphia 

The congenital lesion of the heart herein reported is so unusual 
that we deem it worthy of record. It represents a malformation of 
the venoauricular structure, the inferior vena cava following the left 
side of the body and emptying into the left auricle; there was an asso- 
ciated persistent ostium primum. We are unaware of any report of a 
similar case in Anglo-American literature. 

REPORT OF CASE 

' A full term Negro girl was born Sept. 3, 1936, weighing 9 pounds 6 ounces 
(4,252 Gm.). The child progressed satisfactorily for eight days, when cyanosis 
and rapid gasping respiration suddenly developed. There was marked enlarge- 
ment of the heart, with widening of the area of supracardiac dulness, and a loud 
systolic murmur was heard over the entire precordium, having its maximum 
intensity at the pulmonic area. The electrocardiogram showed right axis deviation, 
which at this age had no special significance. After a temporary response to 
oxygen therapy, the infant died on the ninth day. 

Necropsy revealed passive congestion of the viscera and congenital heart disease. 
The right ventricle was greatly enlarged; the cardiac apex, formed entirely by 
the right ventricle, pointed to the right. The left ventricle was comparatively 
small, only a small portion of it appearing anteriorly. 

With the heart in situ, other striking features were noted. One was a structure 
hanging down over the right lateral ventricular border like a large saddle bag, 
an extraordinary right auricular appendage. The left auricular appendage was 
slightly enlarged and globular. Four large vessels arose from the base of the 
heart. The superior vena cava lay partially posteriorly on the right and was 
largely obscured. It was normal in all respects, emptying into the right auricle. 
The three large vascular trunks which occupied the anterior aspect of the supra- 
cardiac area were, as appeared from their size and location, abnormal: (1) The 
systemic aorta, which veered slightly to the right, gave rise at the arch to the three 
great arteries and after progressive narrowing connected by a patent ductus 
arteriosus with (2) a very large pulmonary artery, which sent a branch to each 
lung and continued as the thoracic aorta ; (3) a large trunk, forming the left 
border of the widened supracordium, which extended upward from the left auricle, 
paralleled the thoracic aorta, arched posteriorly at the same level and continued 
down along the left side of the aorta into the pelvis as the inferior vena cava, 
receiving the renal veins and being formed by the junction of two iliac veins. 

From the Departments of Pathology and Cardiology of the Philadelphia 
General Hospital. 
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Section of tlie heart revealed a persistent ostium primum. The right auricle 
was enlarged, and its elongated appendage almost reached the apex of the heart. 
Hepatic veins emptied into the right auricle, and normal pulmonary veins emptied 
into the left. The inferior vena cava entered the upper lateral portion of the left 
auricle almost at the junction of the latter with the auricular appendage. Its 
entrance was unguarded by any valve formation. 

The hepatic veins were anomalous. Rather large veins extended upward over 
the anterior aspect of the liver and passing through the diaphragm reached the 
right auricle (fig. 1). Another smaller vein came up from the posterior aspect 
of the liver, at approximately the same level as the anterior vein, and joined the 
latter on entering the right auricle. These hepatic veins had no connection with 



Fig. 1. — Heart, great vessels, lungs and liver. The heart turns to the right 
(dextrocardia). Extending down almost to the cardiac apex is a rounded baglike 
structure, the right auricular appendage {R. The superior vena cava is 

obscured bj’^ the right lung, but three large vascular trunks are seen at the base 
of the heart, namely, the aorta (A), the pulmonary artery (P. A.) and the inferior 
vena cava (I. V. C.) ; the last enters the left auricle. A patent ductus arteriosus 
(P. D.) connects the narrowed aorta with the pulmonary artery, which below 
this point (obscured) has given off arterial branches to both lungs. Aberrant 
hepatic veins from the anterior surface of the liver (one is opened, H. V.) course 
upward through the diaphragm to reach the right auricle. 


any other venous sj^stem as far as could be determined. The liver itself was of 
unusual shape, its anterior aspect having a marked convexit}^ ; the lower border was 
without a definite edge, the anterior and inferior aspects rounding into each other. 




Fig. 2. — A schematic drawing of the heart showing some structures not seen in 
figure 1. The inferior vena cava enters the left auricle (L. A.) at the junction 
of the latter with its appendage (L. Ap.) ; the other parts are the superior vena 
cava (S. V. C.), the right ventricle (R. V.), the left (L. V.) and the right auricular 
appendage (i?. Ap.). 



A, 



Fig. 3. — A, normal development of the inferior vena cava. The posterior right 
cardinal vein (R. C.), its branch the right renal vein {R. R.) and the ductus 
venosus (V) join to form the inferior vena cava (I. V. C.), which empties into 
the right auricle (f?. A.) . The posterior left cardinal vein (L. C.) disappears and 
is represented by a dotted line. At its beginning there is survival of a branch 
(A. R.), the left renal vein, and at its verj' end there is another cross branch (L. /.), 
the future left common iliac vein. B, the apparent maldevelopment in our case of 
a left inferior cava. The right cardinal vein (i?. C.) is atrophied, only its cross 
branches R. R. and R. I. surviving. The left cardinal vein (A. C.) is dominant 
and leads directly into the left auricle (A. A.). The hepatic veins (liver, A) 
deriving from the original ductus venosus (F) empty directly into the right 
auricle (R. A.). Small veins leading up to the liver are the umbilical and vitelline 
veins (U), undergoing postnatal atrophy. 
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COMMENT 

The persistent ostium primum, while uncommon, has been fully dis- 
cussed in many reports. The more interesting and really unique anomaly 
was the inferior vena cava of the left side. In the absence of reports of 
similar cases we venture an explanation. 

. The presence of a left inferior vena cava is indicative of an abnormal 
development in the embryo of^the cardinal venous system, particularly 
of the posterior cardinal veins which drain the lower half of the embryo. 
Nonnally, the right lower portions of the posterior cardinal and the 
subcardinal veins merge, forming a large trunk which in turn unites with 
the terminal portion of the ductus venosus to form the inferior vena cava. 
The left posterior veins degenerate and disappear, only their very fore- 
most and lowermost portions surviving to form cross branches with the 
right cardinal veins, eventually becoming, respectively, the left renal 
and the left common iliac vein. Evidently, a reverse development 
occurred in this case, the right posterior cardinal and subcardinal veins 
disappearing, while the left enlarged and remained as the inferior cava. 
However, with this survival there appears to have been a further mal- 
development of the venous connection with the heart. The left cardinal 
vein did not join the terminal end of the ductus venosus; rather it 
emptied directly' into the left auricle. The hepatic venous system 
remained isolated, draining directly into the right auricle. Unfortunately, 
the azygos veins were not studied. Such congenital defects must develop 
very early in embryonic life, probably in the third and fourth weeks 
(compare Piersol’s reconstructions of the human embryo drawn from 
the His ^ models). Persistence of the ostium primum is also an early 
developmental defect, possibly occurring simultaneously in this case as 
part of a widespread maldevelopment of the auriculovenal structure. 
The presence of the patent ductus arteriosus was distinctly in the nature 
of a compensatory mechanism, otherwise postnatal life would have been 
impossible. It is interesting to note that cyanosis was absent for eight 
days, appearing shortl}^ before death. 

SUMMARY 

A full term infant, apparently in good liealth, became cyanotic on 
the eighth day of life. Marked transverse cardiac enlargement and a 
loud systolic murmur over the entire precordium were noted. Death 
occurred on the ninth day. Necropsy revealed a persistent ostium 
primum, an inferior vena cava on the left side, entering the left auricle, 
and hepatic veins that emptied directly into the right auricle. 

1. Piersol, G. A.: Human Anatomy, ed. 5, Philadelphia, J. B. Lippincott 
Company, 1916, vol. 1, p. 706. 



PLASMACYTOMA OF THE UPPER PART OF THE 
RESPIRATORY PASSAGE 


Charles M. Campbell Jr., Ai.D., and Francis C. Newton, M.D., Boston 

The case under consideration is one of plasmacytoma of the upper 
part of the respiratory passage and is being reported because of the 
relative rarity of such an occurrence. It is typical in all respects of the 
majority of the cases presented in the literature. As there are several 
excellent recent reviews of the previously reported cases, it is felt that a 
comprehensive review of the literature at this point would be superfluous. 
Mattick and Thibaudeau ^ published such a review in connection with the 
report of a case which came under their observation. Two other reviews 
of the material wliich are of a comprehensive nature are by Claiborn and 
Ferris ^ and Blacklock and Macartney,® each of which was written in 
connection with a report of additional cases. Two cases reported by 
Jackson and his associates ^ and a case reported by New and Harper,® 
not included in the aforementioned reviews, bring the total number of 
reported cases up to 23 . 

REPORT OF A CASE 

A consulting engineer 62 years old entered the Peter Bent Brigham Hospital for 
the first time on April 6, 1938, because of loss of strength, diarrhea and cough of 
six weeks’ duration. Forty years previously he had an attack of fatigue and 
malaise associated with palpitation, which was diagnosed as neurasthenia and was 
improved by rest. Seven years before admission a similar episode associated with 
diarrhea occurred. Six weeks before admission, feeling “run down,” he started on 
a sea cruise for a rest. Following the resultant sea sickness, for three weeks he 
was nervous and upset and had loose diarrhea, free from blood or mucus. Shortly 
thereafter a cold developed with coryza and a productive bronchial cough, accom- 
panied by slight pain in the left side of the chest. During this illness he first 
became aware of small polypoid masses in back of the uvula. On examination 
five or six solid red polypi, ranging in size up to nearly 1 cm. in diameter, were 
seen arising from the posterior tonsillar pillars on either side. There were signs 
of fluid at the base of the left lung and there was roentgen evidence of pulmonary 
tuberculosis on that side. Roentgen studies of the bones showed no evidence of 
metastatic tumor. The diagnosis of tuberculosis was confirmed by injection of the 
pleural fluid into guinea pigs. The urine showed no Bence Jones protein. The 
Hinton and Wassermann tests were negative. Other laboratory findings were 
essentially noncontributory. April 21 the polypi and surrounding areas of mucous 

From the departments of pathology and surgery of the Peter Bent Brigham 
Hospital. 

1. Mattick, W. L., and Thibaudeau, A. A.; Am. J. Cancer 23:513, 1935. 

2. Claiborn, L. N., and Ferris, M. W. ; Arch. Surg. 23:477, 1931. 

3. Blacklock, J. W. S., and Macartney, C. : J. Path. & Bact. 35:69, 1932. 

4. Jackson, H.; Parker, F., Jr., and Bethea, J. M. : Am. J. M. Sc. 181:169, 
1931. 

5. New, G. B., and Harper, F. R.; Arch. Otolaryng. 16:50, 1932. 
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membrane were removed. He was discharged May 7 and went to a sanatorium for 
treatment of his tuberculosis. Word was received from that institution in July 
that several small nodules had been removed from the upper part of the 
respiratory tract and microscopic slides of these lesions were submitted to Dr. S. 
B. Wolbach for comparison with the original sections. 

Pathologic Examination . — At the first operation 6 specimens were received in 
the pathologic laboratory. These fragments consisted of mucous membrane to 
which were attached numerous small pedunculated nodules, four of which together, 
representing the largest group, measured 1.4 by 1 by 0.5 cm. These nodules were 
of a pinkish yellow color and of a firm rubbery consistency. On sectioning, the 
cut surface of these nodules was seen to be homogeneous and translucent. There 
was no evidence that these small tumor masses infiltrated the underlying 
musculature or the overlj'ing mucosa. A small fragment of one of the nodules 
was immediately frozen and sectioned. When stained by Giemsa stain, it presented 
the typical picture of plasmacytoma, with plasma cells densely arranged. The 
remaining tissue was fi.xed in part in solution of formaldehyde U. S. P. (1:10) 
and in part in Zenker fluid with 5 per cent glacial acetic acid. Four sections of 
material fixed in Zenker fluid were stained with eosin-methylene blue and one 
with Mallory’s phosphotungstic acid-hcniatoxylin. One of these sections consisted 
of a thin strip of mucous membrane with a small nodule of sharply circumscribed 
tumor tissue at each end. These nodules were densely cellular, and under higher 
magnifying power the cells were seen to be for the most part typical plasma cells, 
with rough or slightly oval nuclei in which the chromatin was arranged in small 
dark masses giving the cart wheel or clock face appearance. The finely granular 
cytoplasm stained light bluish purple. Most of the cells showed paranuclear 
rarefaction of the cytoplasm, and in these areas the tissue was pink rather than 
blue. No mitotic figures could be found, but a few cells contained two, rarely 
more, nuclei. The stroma was verj' delicate, and in the section stained with phos- 
photungstic acid-hematoxylin it appeared as a very- fine fibrillary network. Around 
the delicate capillaries the cells were frequently arranged in an acinar-like arrange- 
ment, a feature which in the frozen sections gave a confusing resemblance to 
carcinoma. No definite capsule surrounded the tumor cells, but these did not 
invade the surrounding tissue. The overlying mucosa was free from evidence of 
ulceration, and the strip of mucosa between the two nodules was free from 
abnormal cellular infiltration. 

A second section showed a group of four or five small nodules separated by 
thin strands of moderately dense connective tissue. The tumor nodules resembled 
those in the preceding section except for a greater number of pj'knotic nuclei. 
This section showed the same absence of infiltration of surrounding tissue by 
plasma cells. 

The third section consisted of a small fragment of tonsil attached to skeletal 
muscle and connective tissue. No portion of the tumor was included. In the 
subepithelial connective tissue covering the muscle there was a slight infiltra- 
tion by lymphoC 3 'tes, representing a chronic iniiammatory process. Among these 
IjTOphocytes the plasma cells were more numerous than they usually are in 
chronically inflamed tissue of this region. Around the follicles of the tonsillar 
tissue were also seen a few areas of chronic inflammation, and these areas also 
showed more plasma cells than do the follicles of other chronically inflamed 
tonsils. 

The fourth section stained by this method added no information to that obtained 
from the three other sections. 
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Of the material fixed in solution of formaldehyde, one section was impregnated 
by the method of Levaditi, while the other was stained by the Zichl-Neelsen 
method. Careful search of these slides failed to reveal any spirochetes or any 
acid-fast bacilli. 

The tissue submitted from the sanatorium to which the patient had gone for 
treatment of his tuberculosis was examined by Dr. Wolbach and was reported by 
him to be morphologically identical to that removed earlier. 


COMMENT 

Cases of extramedullary plasmacytoma are rare according to reports 
in the literature. Of such cases, 23 have been reported in which the 
tumor occurred in the upper part of the respiratory tract; the present 
case brings the number to 24. The common feature in these 24 cases 
was the presence of plasma cells densely arranged in discrete nodules. 
The .sex incidence reveals that such tumors occur predominantly in 
men, 21 of those reported having been found in men and but 3 in 
women. The majorit}' of the patients were in the fifth and sixth decades 
of life, but the age of incidence ranges from 20 to 69 3 'ears. These 
generalizations as to the relation of incidence to age and to se.x cannot be 
taken as necessarily valid, because of the small number of cases in the 
series. Review of the cases showed no other clinical factor to be cor- 
related with the appearance of the tumor. In several of the reported 
cases the patient was S 3 ’'philitic, but there is no close correlation between 
the disease and S 3 ^philis, nor can any relation to tuberculosis or an 3 ’’ other 
specific chronic granulomatous disease be discovered. 

The pathologic features in the cases reported to date show considera- 
ble variation. In 5 of the 24 cases the grov4:h was definitcl 3 ' granuloma- 
tous, but these cases must be included in the series because of such 
features as the density of the plasma cells and the absence or scarcity 
of other cell types, which serve to differentiate these granulomatous 
growths from other granulomas and to liken them to the true neoplasm 
which the other cases represent. 

Of those lesions which were definitel 3 ' neoplastic, onl 3 ’’ 4 can be con- 
sidered malignant on the basis of local invasiveness or metastasis to 
distant organs. The others, it has been assumed, were benign because 
of the absence of these characteristics. However, in S of 16 of the cases, 
including the present instance, the growth recurred locall 3 ^ after excision. 
In the remaining 8 cases the patient was not followed long enough after 
treatment to find whether or not there was recurrence. 

In regard to treatment, surgical removal and irradiation are the two 
methods which have been tried. Radium and roentgen ra 3 ’’s together 
caused marked shrinkage of the tumor in Kaufmann’s case. Claiborn 
and Ferris followed surgical excision 63 '- 33.75 millicurie hours of 
irradiation, and in their patient no recurrence had taken place in seven 
months. New and Harper used radium and roentgen ra 3 's in combina- 
tion, which resulted in complete disappearance of the tumor over a period 
of several months. The most common mode of treatment is excision, 
but this has not proved entirel 3 ^ satisfactor 3 ^ because of the frequency 

6. Kaufmann, E. : Pathology for Students and Practitioners, translated by 
S. P. Reimann, Philadelphia, P. Blakiston’s Son & Co., 1929, vol. 1, p. 272. 
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of recurrence. The series of cases is too small to use as a basis for a 
dogmatic statement, but the results suggest a combination of thorough 
surgical removal with subsequent irradiation as the most promising type 
of treatment. 

SUMMARY AND CONCLUSIONS 

A case of small plasma cell tumors occurring in the upper part of the 
respiratory passage of a 62 year old man is reported. These tumors 
recurred after surgical excision, but the absence of distant metastases 
and of local invasiveness indicates that the tumors were benign. 



Laboratory Methods and Technical Notes 


PONCEAU-FUCHSIN STAIN FOR ANDROGENIC 
ADRENAL CORTICAL CELLS 

A Modified Technic 
T. F. Fujiu’ara, M.D., * Clevfxand 

Although the association of hypertricliosis and adiposity with tumor 
of the adrenal gland was established as long ago as 1756 by W. Cook/ 
it was not until 1933 that a reasonably specific stain differentiating the 
tumors of androgenic origin from the other types of adrenal cortical 
tumors was discovered by H. W. C. Vines/ His ponceau-fuchsin stain 



Photograph of a colored microdrawing to show the dceplj’ fuchsinophilic 
character of the so-called androgenic cells. 

is claimed to be specific for the cells of androgenic origin, not only for 
those in the cortical tumors of the adrenal glands giving rise to the 
androgenital syndrome but also for those in fetal adrenal glands, 
particularly in the adrenals of the male fetus between the ninth and 
seventeenth weeks. 

A white unmarried woman 23 3 'ears old was admitted to the Unir'ersit}' Hos- 
pitals, to the service of Dr, Charles Hudson, with the classic manifestations of the 
androgenital sjmdrome. A benign adrenal cortical adenomatous tumor, with the 

* Hanna Research Fellow in Patholog 3 ^ 

From the Institute of Patholog 3 ', Western Reserve Universit 3 ’^ and University 
Hospitals. 

1. Broster, L. R. : Arch. Surg. 34:761, 1937. 

2. Broster, L. R., and Vines, H. W. C. : The Adrenal Cortex : A Surgical 
and Pathological Stud 3 % London, H. K. Lewis & Co., Ltd., 1933. 
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flattened adrenal gland attached, was removed surgically by Dr. James Joelson. 
The entire specimen weighed 135 Gm. The convalescence was uneventful and was 
followed by marked improvement in the condition of the patient. Sections from 
the tumor stained with the ponceau-fuchsin stain, by a modified technic, gave a 
strongly positive reaction. Similarly prepared sections of adrenal tissue from 
normal males and females of varying ages and of benign and malignant adrenal 
cortical tumors from patients not manifesting the androgenital syndrome all gave 
a negative staining reaction. As with the Vines stain, a weak reaction was found 
in the interstitial cells of the testis, the corpus luteum and the anterior lobe of the 
pituitary. 

PREPARATION OF THE MATERIAL 

The material to be examined is fixed for a period of twelve to twenty-four 
hours in Zenker’s fluid containing solution of formaldehyde U. S. P. instead of 
acetic acid. In order to facilitate proper fixation, the tissue should not be over 
3 to 4 mm. in thickness. It should not remain in the fixing fluid for more than 
twenty-four hours. Best results are obtained when the volume of the fixative 
exceeds the volume of the tissue at least thirty times. The tissue is then washed 
in running water for a period of twenty-four hours, after which it is embedded 
in paraffin and sectioned in the usual manner. 


TECHNIC FOR THE PONCEAU-FUCHSIN STAIN 

1. Put sections through xylene, alcohol and water in the usual manner. 

2. Stain with ponceau-fuchsin five minutes (solution A, 2 parts; solution B, 
1 part). 


Solution A is made up as follows; 

Ponceau de xylidine (Krall) 1 Gm. 

Glacial acetic acid 1 cc. 

Distilled water 100 cc. 

Solution B is made up as follows: 

Acid fuchsin 1 Gm. 

Glacial acetic acid 1 Gm. 

Distilled water 100 cc. 


3. Rinse in distilled water. 

4. Differentiate in a saturated aqueous solution of trinitrophenol (approximately 
five minutes). One per cent phosphomolybdic acid may be used instead of 
trinitrophenol. 

5. Rinse in distilled water. 

6. Dehydrate, clear and mount in salicylate balsam. 

In step 4, the weak acid rapidly decolorizes the negative, or nonfuchsinophilic, 
cells, while the positive, or fuchsinoplfllic, cells retain the stain for a considerably 
longer period. .In staining an unknown tissue it is advisable to control the degree 
of differentiation by simultaneously staining a section from a normal adrenal gland 
or from the anterior lobe of the pituitary or preferably sections from both. The 
proper differentiation will have been obtained when the control section has been 
completely decolorized. 
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VENEREAL LYMPHOGRANULOMA 
RIGNEY D’AUNOY, M.D. 

AND 

EMMERICH VON HAAM, M.D. 

NEW ORLEANS 


CONTENTS 

A comprehensive review of venereal lymphogranuloma has not 
appeared in American literature. Hugh Stannus’ excellent monograph 
and his supplementary articles appearing in the Tropical Disease Bulletin 
are the only exhaustive treatises on the disease in the English language. 
Most modern textbooks deal with venereal lymphogranuloma only briefly, 
and even special monographs on genitourinary infections contain numer- 
ous erroneous conceptions regarding the etiologic and pathologic aspects 
of this disease. 

Our intensive study of venereal lymphogranuloma, extending now 
into its sixth year, afforded us ample opportunity to become familiar 
with most of the problems presented b}' the disease and to make many 
important observations regarding its causal agent, clinical manifestations 
and pathologic character. We wish to correlate the information pre- 
viously presented, record the results of our more recent studies and 
briefly review such important matters as ; the history of venereal lympho- 
granuloma ; the geographic distribution and incidence ; the clinical mani- 
festations; the pathologic lesions; the biologic characteristics of the 
causal agent, and the various methods of diagnosis and therapy. 

HISTORICAL REVIEW 

A historical review' of venereal lymphogranuloma is difficult because 
of the numerous names given the various lesions of the disease before 
their recognition as manifestations of a distinct clinical entity. To pro- 
vide proper insight into the history of venereal lymphogranuloma, we 
deem it best to present the important early contributions dealing with 
the subject in chronologic order. 

Probably the earliest mention of and description of the lesions of 
venereal lymphogranuloma are found in Wallace’s “Treatise on Venereal 
Diseases,” published in 1833. The author gave an accurate word picture 

From the Department of Pathologi’' and Bacteriology of the School of 
Aledicine, Louisiana State Universiti^ and the Charity Hospital of Louisiana. 
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of the inguinal bubo with its accompanying constitutional symptoms. 
Unaware of the true cause of the lesion, he classified it as an “indolent 
primary syphilitic bubo” and stressed its slow healing and the character- 
istic involvement of the skin. Eleven years later Desruelles gave an 
excellent description of 2 cases of vulvar hypertrophy following primary 
involvement of the inguinal glands. Stannus gave Huguier credit for 
the first description of this lesion (1848), and Huguier’s appellation 
of it (esthiomene) is still used as one of its many designations. Huguier 
undoubtedly recognized and correctly described for the first time the 
characteristic induration and discoloration of the affected parts, with 
the later ulceration and loss of tissue so typical of vulvar hypertrophy. 
That same year Larsen published the first description of inflammatory 
stricture of the rectum. All the patients he had observed with stricture 
of the rectum were females, and he attributed the lesion, which he termed 
“hyperplastic infiltration of the rectum,” to syphilis. 

In Europe during the second half of the nineteenth century numerous 
reports concerning the strumous bubo or bubon d’emblee appeared, the 
lesions in most instances being considered syphilitic. However, Stannus 
expressed little doubt that “these authors were dealing with cases of 
lymphogranuloma inguinale.” Velpeau described the formation of mul- 
tiple abscesses in inguinal adenitis, and Reder emphasized that the 
majority of his patients so affected were males. Nelaton was the first 
to express the belief that this peculiar inguinal lesion was the mani- 
festation of a new and unknown disease and suggested that the so often 
accompanying small penile lesions were the sites of entry of its causal 
agent. 

Trousseau described as a not uncommon lesion among the male 
natives of the islands of Reunion and Mauritius, in the Indian Ocean, 
unilateral or bilateral inguinal buboes which frequently showed suppura- 
tion and often lasted a year or longer. Similar lesions were reported 
in other colonial territories and were attributed to malaria by some 
authors (Martin; Segard). The theory that “climatic influences” of 
the tropics could cause inflammation of the inguinal glands induced 
Ruge in 1896 to speak of the lesions as “climatic inflammation of the 
inguinal glands” and caused Godding to introduce the term “climatic 
bubo,” still found in medical literature. The latter also mentioned 
superficial penile lesions as possible portals of entry of the infection. 

In the United States, similar glandular lesions were described in 
Philadelphia by Platt, in Baltimore b}'- Winslow and Jones and in 
Memphis, Tenn., by Armstrong. Klotz in 1890 published a paper, 
entitled “Strumdsen Bubonen,” in which he described the classic local 
and constitutional pictures of the disease from study of some 120 cases 
encountered over a period of ten years in the German Hospital of New 
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York. In most of his cases a small penile lesion was present, which 
he regarded as the point of entrance of the noxious agent producing 
the bubo. During excision of such a bubo he became infected, large 
axillary buboes developing. 

While the foundation was thus laid for the recognition of “strumous” 
and “climatic” buboes as manifestations of venereal lymphogranuloma, 
the causes of esthiomene and of inflammatory stricture of the rectum 
remained shrouded in darkness. Since Huguier’s complete description 
of esthiomene, numerous reports of similar cases had ap])eared, syphilis 
or tuberculosis being ascribed as the cause of the lesions, d'he principal 
argument for the syphilitic nature of vulvar elephantiasis was the fact 
that in the majorit}' of cases there was a history of syphilis, though the 
complete failure of antisyphilitic treatment tended to disprove the argu- 
ment. Fournier discussed such tumefaction of the vulva under the 
name “sclerotic induration of the vulva” in his monograph on syphilis 
in 1873, and Martineau cited similar cases in his description of syphilitic 
lesions of the vulva. I. Ta3'lor and MacDonald expressed the belief that 
the disease was tuberculous and classed it as “lupus of tbe vulvo-anal 
region.” Bender, in his treatise on tuberculosis of the vulva, recorded 
many cases of ulcerative lesions of the organ in which the finding of 
acid-fast organisms was the only basis for the diagnosis. In a critical 
review of Bender’s work, Stannus pointed out that the occurrence of 
such organisms on the c.xternal genitalia is not uncommon, stressing 
the necessity of properly identifying them as tubercle bacilli Iw inocula- 
tion of animals. Koch in 1896 published 20 cases of “ulcus vuh’ae 
chronicum elephantiasicum,” emphasizing the sclerotic nature of the dis- 
ease and the frequent involvement of the perineum and rectum. In 
his opinion the disease was caused neither by syphilis nor by tubercu- 
losis, a point of view shared also by Pescione. R. W. Taylor attributed 
tumorous growths on the vulva to simple hyperplasia induced by irrita- 
tion and trauma, and Verchere expi'essed the opinion that any venereal 
disease or tuberculosis could cause elephantiasis of the vulva. Chan- 
croidal, gonorrheal and streptococcic infections were also considered as 
etiologic factors in the production of vulval hypertrophy (Stannus). 

Inflammator)'^ stricture of the rectum caused by the virus of venereal 
lymphogranuloma presents such a typical clinical picture that descriptions 
of the lesion can be readily recognized in the medical literature of the 
nineteenth centur}^ even though appearing under A-arious names. Most 
of the authors of the nineteenth century, basing their conclusions partly 
on the history of the patients and partly on the histologic picture, held 
that the lesion was caused by syphilis. Godebert, in his thesis on rectal 
stricture, stated that he had elicited a histoiy of syphilis in 47 of 67 
cases, and Mathews belicA'^ed that in 60 per cent of his cases of rectal 
stricture the condition was due to syphilis. Fournier, in his monograph 
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“The Tertiary Lesions of the Anus and the Rectum,” gave a good 
description of the anorectal syndrome of venereal lymphogranuloma 
and stressed the cylindric shape of the stricture and the rigid thick- 
ening and infiltration of the rectal rvall. He named the lesion syphilomc 
auo rccfa!_. confessing, however, that his opinion concerning its nature 
was merely hypothetic. Bryant was inclined to believe that S3’philis 
as a cause of stricture of the rectum was by no means unusual, and 
only Delbet and IMouchet. Koch and a few others expressed differ- 
ing opinions. Wallis and also Goodsall and Miles expressed the 
opinion that ulcerations with superimposed infection were responsible 
for the development of rectal strictures. Tuberculosis and chancroidal 
infections were considered as significant etiologic factors by Sourdelle. 
The lack of recorded cases of esthiomene of the pudenda and rectal 
stricture among the natives of tropical countries during this period can 
be explained on the ground that such lesions remained unrecognized or 
that the patients, mostly prostitutes, shunned medical aid. 

From this brief survey it can be seen that all principal lesions of 
venereal lymphogranuloma had been observed and properly described 
in the nineteenth century. However, although few contemporaries 
claimed that there was here a “new and unknown” disease, the true 
interrelationship of the lesions, the mechanism of infection and the 
causal agent were unknown. 

During the early part of tlie twentieth century reports on the occur- 
rence of climatic buboes in various colonial possessions became more 
frequent, as evidenced by the communications of Pigeon and Tanton 
(290 cases), Priado (50 cases), Muller and Justi (30 cases) and 
Gunther (35 cases). The venereal nature of the infection was pointed 
out by Rost and others, and intercourse with native women rvas held 
responsible for its spread in tropical seaports (Treibly). In 1913 
Durand, Nicolas and Favre published the reports of their exhaustive 
studies on “les adenites inguinales a foyers purulents intraganglion- 
naires.” In these, the importance of small herpetiform penile lesions as 
portals of entry of the causal agent was stressed, and a thorough 
description of the glandular lesions was given. Because of the histologic 
resemblance to the lesion encountered in Hodgkin’s disease, Durand 
and his co-workers named the condition “lymphogranuloma inguinale,” 
a term which under various modifications is used extensively in modern 
literature. Recently Sulzberger and Mfise proposed the name “lymph- 
opathia venereum” for this disease, and Wise prefers to call it “lymph- 
ogranuloma venereum.” In the English literature (Stannus and others) 
“inguinal lymphogranuloma” or “Wmphogranuloma inguinale” is used. 
Since the National Conference on Nomenclature of Disease has adopted 
the term “venereal l)'mphogranuloma” as the official name of the disease, 
we use it in the present review except in instances in which correct quo- 
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tation from the literature demands another term. Since this disease is 
distinctly venereal in character, producing granulomatous lesions prin- 
cipally located in the lymph glands and along the infected lymphatics, 
we believe that the name adopted here covers the characteristic features 
of the infection better than an)'- other suggested so far. Certainly the 
manifestations in the female have little or nothing to do with the inguinal 
region. 

Investigations of this disease wei'c interrupted during the World 
War but were resumed to some extent after 1920. In 1922 Phylactos 
publishd a thesis on the subject, quoting extensi^'ely the work of Durand, 
Nicolas and Favre. In the same year W'. H. Hoffmann, as well as Chas- 
tang, discussed the possible interrelationship between venereal lymplio- 
granuloma and climatic bubo. Gougerot, on the basis of 20 cases, still 
maintained that elephantiasis of the vulva was tuberculous, while Stein 
and Heimann reported a series of similar cases with rectal involvement 
under the diagnosis of “luetic proctitis and periproctitis.” Symonds 
in 1923 obser\'ed 7 cases of what he believed to be “gonorrheal stricture 
of the rectum” but which according to Stannus were probably venereal 
lymphogranuloma, and Lockhart-Mummery that same year took a 
definite stand against the widely publicized opinion that syphilis was 
the most common cause of stricture of the rectum, contending that 
it rarely was. Bory in 1928 discussed the importance of Bacillus subtilis 
in the etiology of the Nicolas-Favre disease. 

Of tremendous importance to the further development of a more 
comprehensive understanding of venereal lymphogranuloma as a clinical 
entit)^ was the discovery by Walter Frei in 1925 of a specific cutaneous 
reaction resulting from the infection. He showed that an intracutaneous 
injection of 0.1 cc. of diluted pus taken from the buboes of human 
venereal lymphogranuloma and sterilized by fractional heating produced 
in all those affected or who had been affected with the disease marked 
induration with erythema at the site of injection, reaching its maximum 
in forty-eight hours. He claimed that when the test was properly 
performed, the reaction possessed a high degree of specificity for 
venereal lymphogranuloma. The same year Frei established the con- 
necting link between climatic bubo and venereal lymphogranuloma by 
demonsti'ating that an antigen prepared from either lesion gave a positive 
reaction in a patient afflicted with either condition. Three years later, 
with Koppel, he obtained positive ’reactions with Frei antigen in 5 
persons with genitoanorectal syndromes. Koppel and many other authors 
also obtained positive skin reactions in a large number of patients with 
vulvar elephantiasis ancT uncomplicated rectal stricture, thus proving 
the etiologic correlation' between these clinical syndromes. Potent 
antigens were also prepared from the tissues of chronic lesions by de 
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Gregorio and Murua, by Nicolas, Favre, Lebeuf and Charpy and by 
Wiese and Klestadt. 

The next achievement in the study of venereal lymphogranuloma 
was the discovery of the causal agent by Hellerstrom and Wassen in 
1931. After many negative or doubtful reports of successful transmis- 
sion in animals (Darre and Dumas; Ravaut and co-workers), these 
Swedish authors succeeded in producing lesions by injecting intra- 
cerebrally into certain species of monkeys pus obtained from buboes 
of patients suffering with venereal l 3 anphogranuloma. From these 
experimental lesions a filtrable virus was regularly obtained with which 
the disease could be produced by continued passage in animals. A virus 
showing identical biologic and physical properties was then isolated 
from the primary human lesions (Lobe. Rosenfeld, Schlossberger and 
Krumeich, 1933) ; from climatic buboes (Findlay, 1933) ; from tissues 
talcen from chronic lesions — esthiomene and inflammatory stricture of 
the rectum — (Ravaut and co-workers; Laederich, Levaditi, Mamou and 
Beauchesne). 

The brilliant work of Frei, Hellerstrom and W^assen, Levaditi and 
their co-wmrkers cleared the mysterr^ presented by the complexity 
of lesions caused by this filtrable virus and stimulated further recogni- 
tion of the disease in all parts of the world. With the nature of its 
causal agent known and with the help of the diagnostic Frei reaction, 
nothing should prevent thorough investigation of the mode of infection 
and spread, the clinical manifestations, the complications, the prevention 
and the methods of treatment of venereal lymphogranuloma. 

GEOGRAPHIC DISTRIBUTION AND INCIDENCE 

Woj'ld Wide Distrihition . — Venereal lymphogranuloma in its various 
manifestations can be found in all quarters of the globe but is more 
prevalent in tropical, subtropical and temperate climates. On the Euro- 
pean continent it is found in probably all of the larger cities, the number 
of reported cases being steadily on the increase. It is endemic in North 
and South America, Asia and Australia and along the coasts of Africa. 

Hellerstrom and Wassen in 1933 sent a questionnaire to some 350 
clinics for patients with dermatovenereal diseases and collected as a 
result approximately 1.800 cases of the disease in its various manifesta- 
tions. Cormia in 1934 estimated the number of reported cases to be 
about 2,000. During the last two ye^rs that number has been at least 
doubled. We have observed over 600 cases in our venereal diagnostic 
clinic, and many other series of from 50 to 150 cases have been reported 
by Navarro Martin, de Gregorio, Advier and Riou, Kalz and Sagher, 
Pautrier and ^Yeiss, and others during this period. The question arises 
as to whether this apparent increase in the disease is caused b}’’ the 
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greater ease of its diagnosis and the fact that medical investigators 
have become more lymphogranuloma conscious or whether there is 
actually an increase in the number of patients due to rapid spread 
of the disease. We have shown that in New Orleans at least the first 
conclusion seems correct, as photographs and descriptions of inguinal 
lesions contained in old charts from the Charity Hospital at New 
Orleans leave no doubt but that the disease was observed frequently in 
New Orleans thirty years ago. 

The International Bureau of Public Hygiene of the League of 
Nations attempted to investigate this problem and sent questionnaires on 
the subject to the leading venereologists of the European continent. 
While Jitta of Holland, in response to the questionnaire, did not believe 
that venereal lymphogranuloma is a public health problem of great 
importance, venereologists in other countries, especially Germany and 
Rumania, reported a steady increase of the disease during the past 
years. The statistics published by lonesco-Mihaiesti and Longhin are 
particularly alarming. From 10 cases in 1930 in the city of Bucharest, 
the capital of Rumania, the number increased over the next three years 
to 281, and while no cases in females were reported in 1930, 70 were 
reported in 1933. Reiter recorded 200 cases in Berlin and 100 cases 
in Breslau, Germany, during the period from 1929 to 1934. Nicolau 
expressed the opinion that lack of efficient treatment and of prophylactic 
control of the ‘disease explained this rapid increase, and Koch predicted 
for the same reasons a higher incidence in the future. Ruge stated 
that in Hamburg, Germany, during the years 1921 and 1928 the number 
of cases increased by from 2 to 39 each 3 'ear, and Frei estimated that 
between 300 and 400 cases occurred yearly in Berlin. Gougerot and 
Burnier observed only 9 cases during 1934, in contrast to 389 cases of 
syphilis. Gibson reported that in the year 1931, 733 inguinal buboes were 
seen in the English Navy. Many cases of venereal lymphogranuloma 
have been reported from Italy (Midana and Vercellino; del Vivo), 
Spain (Bejarano and Gallego Calatayud, Barriola and Maneru, and 
others), Czechoslovakia (Kalz and Sagher), Russia (Levinson), Sweden 
(Hellerstrom) and Norway (Wefring). Perkel and Sourgik stated that 
the disease occurred along the coast of -the Black Sea. Rajam reported 
cases from India; Tran-Tan-Phat, from Indochina, and Massias, from 
Cochin China. There are numerous cases reported from China and 
Japan (Gray and Yieh ; Wang and Shen; Kitagawa) and from the Dutch 
Indies (Bonne and co-Avorkers; Honna and Sasaki). In Africa cases 
have been obserA'^ed along the coast of the Belgian Congo (Chesterman), 
in Tanganyil<a (Graham), in Algiers, Algeria (Lasnet), in Morocco 
(Moutot) and in Dakar and surrounding territor}'^ (Advier and Riou). 
The disease is knoAvn in South, Central and North America and in 
Australia (Priado). Coutts, who has studied A^enereal lymphogranuloma 
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extensively in Chile, expressed the opinion that it was known to the 
Romans, Greeks and Arabs and was imported to the New World by the 
white settlers and slaves. In the Argentine Republic (Zorraquin; 
Bachmann), Brazil (Crisculo), Venezuela (de Bellard) and Uruguay 
(Halty), as well as in Mexico (Santos Zetina) and other middle 
American states, the disease is well known, and cases have been reported 
from the Bahamas (Kinneard) and the Canaries (Darius Montesino). 

In the United States venereal lymphogranuloma has been described 
in its various manifestations and under various names in such numbers 
of persons that the disease can no longer be considered rare. Reports 
have appeared not only'- from coastal cities and seaports, where there is 
a possibility of its importation in infected sailors (Wilmoth ; Whitmore) 
but also from many inland cities. From the the eastern section of the 
United States cases have been reported from New York (Wise; Bloom; 
Elitzak and Kornblith; and Goldberger and Auslander), from New 
Jersey (Talbot; Silvers), from Pennsylvania (Martin, several series 
of case reports from 1933 to 1936; Beacon; Grossman), and from New 
England states (Howard and Strauss; Gifhn). Cases have been reported 
from the Central states (Amtman and Pilot; Wien and Perlstein; Lash; 
Reichle and Connor; Dome and Zakon; Lee and Staley; Dalton). The 
Southern states are practically all represented in the case reports — 
Arkansas (Goldstein and Byars), Oklahoma (Allen), Kentucky (Alley), 
Tennessee (Williams), Florida (A. Brown), Texas (Smith; Lehmann 
and Pipkin) and Louisiana (D’Aunoy, von Haam and Lichtenstein). 
In the Middle and Far Western states the disease seems to be rather 
uncommon, with case reports coming only from Nebraska (Tomlinson 
and Cameron), California (Templeton and Smith; Diepenbrock and co- 
workers; Novy) and- Washington (Jones). From Canada only a few 
cases are reported (Desforges; Marin; Bourgouin). In additional cases 
in Alabama, Georgia, South Carolina, Virginia, Wisconsin and Michigan, 
although at present unreported, the disease was diagnosed with antigen 
furnished by us to interested physicians at various medical meetings. 
This brings the number of states in the United States in which venereal 
bmiphogranuloma has occurred to 27, 11 of these states, or nearly 50 
per cent, belonging to the Southern group. 

More extensive statistics regarding the frequency of the disease in 
various large cities of the United States have been published by De Wolf 
and Van Cleve, S. H. Gray and co-workers, and D’Aunoy and von 
Haam. The Cleveland investigators published a report in 1932 of a 
series of 1,010 Frei tests made on patients hospitalized for various 
conditions; 58 of these gave positive reactions, and in every instance 
a positive history of venereal lymphogranuloma could be elicited. S. H. 
Gray and his co-workers, of St. Louis, tested a large number of patients 
coming to the city venereal clinic and obtained cositive reactions in 
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40 per cent of the colored patients and in 3.4 per cent of the white 
patients. Using the same test as a routine on all colored patients apply- 
ing to the outpatient dispensaries of the Charity Hospital of Louisiana 
at New Orleans, D’Aunoy and von Haain obtained positive results in 
17.4 per cent. In most of the cases in which the Frei test was positive 
a definite history of the disease could be obtained. The same authors 
were able, during the period from May 1934 to Alay 1936, to observe 
547 clinical cases of the disease in its various manifestations, and in 
an analysis of the records of 40 cases of elephantiasis of the vulva and 
1,285 cases of rectal stricture, von Haam and Lichtenstein came to the 
conclusion that at least 20 per cent of the cases of elephantiasis and 
most of the cases of inflammatory stricture of the rectum observed in 
New Orleans from 1911 to 1935 could justifiably be suspected as cases 
of venereal lymphogranuloma. 

From this brief resume of the geographic distribution of venereal 
lymphogranuloma it can be concluded that the disease is an endemic 
infection of countries with warm or moderate climates. Regions of high 
altitude, such as the Rockw Mountain areas of the United States, the 
European Alps and the highlands of Tibet, do not have many cases, 
while low lands with considerable humidity, such as the I^Iississippi 
Valley, the coastal marshlands of Louisiana and the area about the 
Black Sea, seem favorable to the spread of the disease. 

Racial Incidence . — It is generally stated by authors who have had 
opportunity to observe large numbers of cases of venereal lympho- 
granuloma that the Negro race seems more prone to contract the disease 
than the white race. Observations in North America are especially 
valuable in this respect because of the racial mixture of the patients 
frequenting the free clinics of the larger American cities. In Phila- 
delphia, with a Negro population of practically 11 per cent. Bacon 
observed 31 cases in white persons and 118 in Negroes. In Indianapolis, 
according to Dalton, inguinal l 3 miphogranuloma occurs as frequently in 
white persons as in Negroes. In Cindnnati 11 of the 16 cases of inflam- 
matory stricture of the rectum obserA-ed by Lee and Staley concerned 
Negroes. In Cleveland De Wolf and Van Cleve saAv twice as many 
Negro men as white men with inguinal buboes due to A'enereal Ivmpho- 
granuloma, and Gray and his co-workers obtained positive Frei reactions 
in only 3.4 per cent of their white patients, while 40 per cent of their 
Negro patients had positiA^e reactions. Our records demonstrate still 
better this racial difference in the incidence of A'enereal lymphogranu- 
loma. Of our 547 patients, only 24 belonged to the Avhite race. A 
satisfactory explanation of this peculiar racial incidence of venereal 
lymphogranuloma cannot be giA^en at present. C. F. Martin discusses 
the possibility of a “fibroplastic diathesis ’ (Rosser) in the Negro race. 
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Stannus expressed the opinion that the manner of living and the loose 
moral code of Negroes may account for the preponderance of the dis- 
ease in their race. Although racial constitution is no doubt an important 
factor in the distribution of many diseases, we are inclined to agree with 
Stannus that living conditions and loose social conditions are responsible 
for the wide occurrence of venereal lymphogranuloma in Negroes. 

5'e.r Incidence . — As long as the various clinical manifestations and 
pathologic lesions of venereal l 3 nnphogranuloma were not fully known, 
the disease was believed to be restricted to the male sex (Hanschell; 
de Bellard). Only when it was proved that esthiomene of the vulva 
and' inflammatory stricture of the rectum were manifestations of vene- 
real lymphogranuloma was it realized that the disease occurred in 
women, although with different clinical and pathologic pictures. No 
doubt there is a preponderance of the disease in males, but this pre- 
ponderance is not as marked as was maintained in the older literature. 
Gray and co-workers reported the same incidence of positive Frei reac- 
tions in men as in women. In our series of 547 patients 194 were 
females and 353 were males. In a series of routine Frei tests on 960 
females and 509 males, we obtained 118 positive reactions in men and 
79 in women. These figures perhaps represent more accurately the 
true sex incidence of the disease than do figures based on a single 
clinical manifestation of the disease (DeWolf and VanCleve; Heller- 
strdm; Phylactos, and others). The explanation for this sex difference 
is purely hypothetic. Pautrier suggested that the virus of venereal 
lymphogranuloma may exist in the vagina as a harmless saprophyte. 
Coutts and Banderas Bianchi shared this opinion, although there is no 
experimental proof therefor. Much more plausible seems the explana- 
tion of Schulmann that in women the disease during the acute stage is 
mild and passes unnoticed or that the lesions are usually deep seated, 
hidden in the vagina (Naumann) and not readily recognized. L. A. 
Gray stressed the importance of chronic urethritis in Avomen as a mani- 
festation of venereal lymphogranuloma. Chevallier and Bernard observed 
a female patient in whom clironic periurethral edema was the only 
clinical evidence of infection. That the disease is transmitted from male 
to female and Auce versa is proved in numerous so-called partner cases 
in Avhich the history of infection can be traced to coitus or sexual 
perversity (Levy-Franckel and Temerson; Chevallier and Moline; 
Nicolas and Lebeuf ; Juvin; Ploffmann; Lepinay and Grevin). We are 
of the opinion that as knoAAddege of the various clinical forms of the 
disease progresses the difference in its sex incidence Avill be greatly 
reduced. 

Age Incidence . — As Avith other A'^enereal diseases, the largest inci- 
dence of A'enereal lymphogranuloma is in persons Avho are between the 
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twentieth and fortieth years of age — the period of greatest sexual 
activity. Seventy of our patients were between 14 and 20 years of age ; 
11 were over 50 years of age. Cases in children have been reported by 
Weiss and Cain, Chevallier and co-workers, Elitzak and Kornblith, 
and Lujan and Rotter. In the case reported by Lujan and Rotter, mere 
contact with infected adults was responsible for the infection. Since 
women suffer more from the chronic manifestations of the disease 
(esthiomene and inflammatory stricture of the rectum), female patients 
are of a higher average age than are male patients. All of our 
patients over 40 years of age were women. 

The question whether venereal lymphogranuloma can be transmitted 
from parent to offspring has been discussed by Dick, who reported a 
case in which the apparently well child of infected parents had a positive 
Frei reaction and another case in which the apparently healthy new- 
born infant of a mother with rectal stricture had a positive Frei reaction. 
Since the diagnostic value of the Frei test at birth and in early childhood 
has been doubted because of the tenderness of the skin, we do not 
believe that Dick’s findings arc sufficient proof for his conclusions. 

Occupational Incidence . — Venereal lymphogranuloma is reputed to 
be a disease of seaports, of the slum districts of larger cities, and of 
brothels and their devotees. Undoubtedly the afflicted patients belong 
to low social classes. We have observed but a single case in a person 
of high social standing. The female patients are usually prostitutes, a 
a class in which an incidence of as high as 10 to 15 per cent is reported. 
Schulmann and also Bejarano and Gallego Calatayud expressed the 
belief that at least 10 per cent of all prostitutes are infected. The 
largest group of white male patients is made up of sailors; so the dis- 
ease is well known to naval medical officers. Philipps, Whitmore, 
Treibly and Wilmoth have described cases in the American Navy. 
Gibson stressed the importance of the disease for the English Navy, 
especially for the far eastern contingents. Planschell as well as Muller 
and Justi noted that the engine room crews, exposed to hot and humid 
atmospheres, are more susceptible to the infection. C. F. Martin issued a 
stern warning concerning the rapid and uncontrolled increase of the 
disease among persons of the lower strata of society, stressing the 
financial burden which treatment of the disease in free clinics will bring 
to communities. He expressed a pessimistic outlook regarding the 
disease. Two- years after recognition of venereal lymphogranuloma in 
New Orleans, it became necessary to open a special clinic for it. Here, 
from 10 to 12 new patients are seen each day. Additionally, the public 
hospital wards are filled with patients suffering hopelessly with inflam- 
matory stricture of the rectum. Venereal lymphogranuloma is a dis- 
ease which in our opinion threatens to become a grave public health 
problem in the United States, especiallj'^ in its southern portion. 
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CLINICAL MANIFESTATIONS 

Few diseases present such a variety of clinical symptoms and patho- 
logic lesions as does venereal lymphogranuloma. Many of these seem 
so little related to each other that some authors still hesitate to attribute 
them to the action of a single etiologic agent. With the aid of Frei’s 
intradermal reaction, we now believe, recognition of at least the principal 
manifestations of this venereal disease is possible. For better analysis 
of the symptom complex of venereal lymphogranuloma, it is deemed 
convenient to consider separately such symptoms as are related to the 
circumscribed genital and extragenital lesions and such as may be con- 
sidered evidences of general invasion. Little is known concerning the 
evolution of the disease as a systemic complex, although much evidence 
can be adduced in favor of such an invasion actually occurring. In our 
clinical studies we were much impressed by the fact that the disease 
frequently consists not only of local manifestations but also of rather 
general systemic reactions. 

Primary Lesions . — Various types of primary lesions may be encoun- 
tered. Sezary and Drain described five types. The syphiloid, nodular 
and infiltrated types of primary lesions are seen rarely. They have 
been reported by a number of authors (Sezary, Bolgert and Joseph; 
Sezary and Perrault; Bory; Ravaut and Scheikevitch ; Nicolas, Lebeuf 
and Rousset, and others). The most common type is a small herpes- 
like eruption, usually located near the coronal sulcus, neither tender 
nor suppurating and showing a tendency toward spontaneous healing. 
In the majority of cases this lesion is completely overlooked by the 
patient and has usually disappeared when he consults a doctor. In 
our series, 47 lesions of this type were seen in men and 2 in women; 
in both of the latter cases the lesion was located on the inside of the 
labia minora. The so-called lymphogranulomatous chancre is inclined 
to persist for some time, shows a rather deeply ulcerated area and is 
associated with more or less distinct lymphangitis, which can usually 
be traced to the swollen glands at the root of the penis. Sometimes, 
especially in patients with long or narrow prepuces, a nonspecific 
balanitis is present. 

Indeed interesting are the reports of a primary lesion within the 
male or the female urethi-a with or without the formation of a small, 
well defined ulceration. A lesion at this site is supposedly more fre- 
quent in females. Gray reported 25 cases in which such a lesion 
resulted in urethral stricture. Curth, Frei and co-workers, Kalz, Polak 
and Bezecny have described similar cases, and Stannus considered a 
possible relationship between such lesions and the nonspecific types of 
urethritis described by Waelsch and more recently by Hissard and 
Husson. 
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Extragenital primary lesions have been ascribed to infection con- 
tracted while handling patients (Klotz; Phylactos; Hellerstroin ; Homma 
and Chaglassian) or as a result of sexual perversities, such as cun- 
nilingus or coitus in ano ( Curth ; Bezeeny and Sagher ; Buschke and 
Curth; Bloom; ^Vehrbein, Buschke, Boss and Vassarhelyi), Coutts 
described 12 cases in which there were diffuse swelling and thickening 
of the tongue — glossitis marginata — which he considered as a lesion of 
venereal lymphogranuloma contracted through cunnilingus. 

Inguiml Bubo . — This must be regarded as the principal manifesta- 
tion of the acute stage of venereal lymphogranuloma. It begins as a 
firm hard mass, not very painful and usually involving several groups 
of l 3 anph nodes (von Haam and Lichtenstein). Within one or two 
weeks the glandular mass becomes attached to the skin and subcutaneous 
tissue, and fluctuation can be noted. It is at this stage that the patient 
complains of severe pain in the groin. Usually the skin now takes on 
a characteristic livid discoloration, which has led to the popular term 
“blue balls.” and its shiny appearance predicts threatening rupture of 
the mass. Some buboes, however, never reach this stage, and involution 
of the firm masses without suppuration may be observed — the so-called 
abortive form of venereal lymphogranuloma. However, once the stage 
of fluctuation is established, suppuration with the formation of sinuses 
in the skin is unavoidable. Perforation of the bubo through the skin 
usually relieves the pain, and many patients carry such fistulous sinuses 
for many months without complaining of much discomfort. As a rule, 
numerous sinuses are formed, giving the inguinal region the appearance 
of the mouthpiece of a watering pot. This has caused Fiessinger to 
introduce the name “poradenitis.” Healing of such a fistulous mass is 
usually slow, and the sinuses continue to drain pus for months, even 
years. The scars which later form in the inguinal region are callous 
and contracted and extremely characteristic of the disease. 

The marked difference in the frequency of inguinal buboes in male 
and female patients suffering from the disease is sufficiently explained 
by the different anatomic distribution of the lymphatics in the sexes 
(Stannus). The lymphatics of the penis, the most common site of the 
primary lesion in males, drain to the superficial and deep inguinal glands ; 
those of the deeper parts of the vagina or the cervix, the area which is 
probably the most common site of the primar}’’ infection in females, 
drain to the external iliac, retrocrural, hypogastric, pararectal and para- 
sacral glands. Whether glandular disease similar to that observed in 
males occurs in females in the deeper seated glands, which are unavail- 
able for inspection, or whether the acute infection in females takes a 
different course, is pure speculation at present. In our series, 278 
inguinal buboes were observed in males and only 31 in females. These 
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figures coincide Avith those reported by other observers (Reiter; Gottlieb; 
Frei and Hofifmann). The majority of our patients (187 men and 20 
women) had unilateral glandular buboes, a finding stressed by Ruge 
and Hellerstrom. The femoral and iliac glands are but rarely affected 
(Kitchevatz and Alcalay). If the primary lesion is extragenital, the 
regional glands undergo changes similar to those seen in inguinal bubo 
(Klotz; Coutts; Curth). Chevallier and Moline reported a case of 
conjugal infection between husband and Avife, in AAdiich the Avoman had 
a SAvollen palatal gland, a feature seen otherAvise only in von Mikulicz’ 
disease. General adenopathy has been reported as a consequence of 
infection with the virus (Chevallier and Barreau) but is considered 
rare by Stannus. The principal clinical symptoms produced by these 
buboes are : pain, complained of in 52.9 per cent of our series ; local 
tenderness, noted in 83.5 per cent ; suppuration, present in 39.4 per cent. 

Coutt’s attempt to divide the disease, according to lymph gland 
involvement, into two different entities caused by virus A and Aurus B 
has met Avith seA'^ere criticism by Stannus. On the basis of our experi- 
ence we are not able to accept Coutt’s classification. Lymphangitis may 
accompany the bubo and has been reported by Coutts (thrombo- 
lymphangitis of the penis) and by Nicolau and Banciu. Several times 
Ave haA^e observed SAVollen dorsal lymphatics of the penis. One case 
was noted in AAdiich suppuration Avas present in three distinct sections of 
such a lymph vessel. The disappearance of the inguinal bubo usually 
marks the end of the disease in the male, and in the majority of cases 
no serious sequelae result. 

In contrast to the course of lymphogranuloma in males, in females 
the manifestations of the disease are frequently chronic — esthiomene 
and inflammatory stricture of the rectum. 

Esthiomene ; Elephantiasis of the Pudenda; Genitoanorectal Syn- 
drome. — Since the report of Frei and Koppel in 1928 and of Koppel in 
1929, numerous authors have proved beyond doubt that A’^enereal lympho- 
granuloma is the cause of hypertrophic ulceration of the pudenda in 
niost of the cases. Hellerstrom in 1934 listed over 200 cases of esthio- 
mene, reported by 22 authors ; 97.5 per cent of the patients had posith^e 
Frei reactions. Although more common in females, hypertrophic lesions 
can be observed also in males, iiiA^olving the penis and the scrotal sac. 
In our series Ave haA’^e obserA’^ed hypertrophic ulceration of the pudenda 
in 56 patients, 3 of A\’hom Avere of the male sex. In 27 of the females 
the ulcerative process Avas more outstanding, AAdiile in 26 elephantiasis of 
the parts involved Avas dominant. There Avas no distinct correlation 
betAveen the ulcerative and the hypertrophic changes as regards either 
location or duration. In some cases, the mucous membrane of the hyper- 
trophied labia presented rather superficial and irregular ulcers; these 
Avere tender to touch and resisted all treatment. From 13 females a his- 
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tory of previous inguinal bubo could be elicited. The hypertrophic type 
of lesion shows at first only thickening of the affected parts, resembling 
chronic edema. The mucous membrane feels leathery and dry. With 
increase in size of the tissues, discoloration of the mucous membrane over 
the affected parts can be noted, with secretion of a thin cloudy fluid. 
Sometimes rather extensive superficial ulcerations appear and present 
all the usual signs of an acute pj'ogenic infection. As regards the distri- 
bution of the lesions and their extension, we may state from our observa- 
tions that no definite rules are followed, the disease following a different 
course in each case, a fact which makes the clinical recognition of the 
condition difficult. In contrast to the inguinal bubo, however, we 
observed that involvement of parts of the pudenda was more often 
bilateral, with one side usually more severely affected. Five cases of 
isolated hypertrophy of the clitoris came under our observation. 

Our 3 cases of esthiomene in males included, respectively, elephan- 
tiasis of the entire scrotum, elephantiasis of the left part of the scrotum 
and elephantiasis of the penis. In the case in which the condition was 
unilateral, complete extirpation of the glands of the affected side was 
followed for many months by a fistulous process within the wound before 
enlargement of the left side of the scrotum was noted. Similar cases 
have been described by others (Nicolau; Coutts and Martini Herrera; 
Navarro Martin; Louste, Cailliau and Schwartz). An interesting case 
in which the esthiomene apparently originated as a granulating tumor 
of the urethra has been described by Bezeeny. 

Secondary complications often bring serious consequences to patients 
suffering from hypertrophic lesions. Pyogenic infection and attacks of 
localized erysipelas are frequently observed in the tissues which have 
been deeply altered by the pathologic process. Carcinoma may develop 
on the basis of esthiomene, as in the cases observed by Bernstein and 
Philipp. 

The principal complaints of patients suffering from hypertrophic 
lesions are local tenderness and an abundant secretion of exudate which 
soils the clothing. In some cases, however, no disagreeable consequences 
are felt, and the growth is permitted to reach fantastic dimensions. 

The association of esthiomene with lesions involving the perineum, 
anus and rectum is reported with varying frequency in the literature. 
We have observed only 10 cases of this so-called genitoanorectal syn- 
drome (Jersild) ; 7 of the patients were women and 3 were men. The 
exact evolution of this syndrome is still disputed, and while some authors 
believe that it is the result of retrograde spreading of specific lymphan- 
gitis (Stannus), Frei expressed the view that it represents actual infec- 
tion of the subcutaneous tissue by the virus. Feilchenfeld maintained 
that in all cases of genitoanorectal lesions the primary lesion was in or 
around the anus, and Coutts claimed pederasty as its determining cause. 
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We have elicited a definite history of coitus in ano from 1 male and 4 
female patients so affected. Kiefer observed the development of this 
syndrome after a furuncle-like primar}'- lesion in the coccygeal region, 
and Ravaut, Levaditi and Maisler stressed its contagious nature by 
citing a partner case. Gougerot and Carteaud described the early 
appearance of the lesion as that of a small circumscribed nodule which 
soon becomes fistulous. SeA^eral such nodules appear, and the skin 
between them becomes edematous and hypertrophic. When fully devel- 
oped, these lesions, as observed by us, show marked fibrosis and mod- 
erate hypertrophy of the perineum Avith numerous small sinuses and 
fistulas, extensive ulceration and always characteristic tags about the 
anus. 

Inflammatory Stricture of the Rectum. — This lesion is Avithout doubt 
the most serious manifestation of A'^enereal lymphogranuloma. We haA-e 
collected 97 cases. Of the patients, 90 Avere Avomen and 7 Avere men; 
5 (4 Avomen and 1 man) Avere AA'hite, Avhile the others Avere Negroes. 
Fifty-eight of our cases liaA’^e been thoroughly analyzed and described 
(Lichtenstein). The clinical picture of the condition is rather uniform, 
and the history and the results of physical examination usually alloAV a 
correct diagnosis. The complaints are those of Ioav grade obstruction 
Avith infection of the rectum and associated lesions of the anus and peri- 
rectal tissue. In prolongation of the condition cachexia, anemia and 
severe pellagra are noted. The rectal examination reveals in most 
instances an annular stricture 4 to 6 cm. aboA'e the anus. Avhere it usually 
can be reached easily AAUth the examining finger. The induration of the 
rectal Avail is A^arying and in adA'anced cases produces such constriction 
of the lumen that the index finger Avill not be admitted. Thickening of 
the rectOA'^aginal septum has been found in a great number of our cases 
and can he stressed as a A^aluable differential diagnostic sign. BeloAV 
the stricture the mucous membrane of the rectum generally shoAVS 
ulceratiA’'e and granulomatous proctitis, Avhich makes examination 
extremely painful. The anal orifice is usually surrounded by large cauli- 
floAver-like excrescences. The most dreaded complication is the recto- 
vaginal fistula, Avhich Avas present in 14 per cent of our cases and Avhich 
usually recurred after surgical repair. The fistulas AAdiich appear on the 
perineum sometimes heal spontaneously, only to recur as the disease 
progresses. C. F. Martin described the appearance of the diseased peri- 
rectal tissue and perineum as “rat bitten'’ and stressed the un 3 deldability 
and consequent undilatability of the stricture. Fie belicA’ed this condition 
to be Avorse than any manifestation of s}"philis. “ranking A’er}'- close to 
malignanc}' in its therapeutic aspects.'’ Alley subdiAuded inflammatory 
stricture of the rectum into simple anorectitis, proctitis obliterans and 
fibrous stricture of the rectum. Seneque described simple rectal stric- 
tures and strictures complicated Avith fistulas, Avith elephantiasis and 
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with pelvic cellulitis. Of the 11 patients dying with rectal .stricture in 
the Charity Hospital at New Orleans during 1934-1935, 2 died of 
peritonitis caused by rupture of the stricture during dilatation and 4 
following colostomy. The other 5 patients died with extreme cachexia, 
prostration and large decubital ulcers. Fifteen per cent of our patients 
with advanced stricture of the rectum showed typical pellagra. We 
concur in Martin’s pessimistic prognosis regarding this manifestation of 
veil ereal ly m ph ogranul oma . 

Constitutional Symptoms and Remote Lesions . — More or less severe 
constitutional symptoms are rather characteristic of the acute stage of 
venereal lymphogranuloma, and they must be considered as important 
factors in the differential diagnosis. Rise in temperature occurred in 
over 50 per cent of our cases and has been stressed by others as a note- 
worthy sign in the differential diagnosis between venereal lymphogranu- 
loma and soft chancre (Ldhe and Bliimmers; Guttentag; Buschke, Boss 
and Vasarhelyi). It usually precedes the appearance of the bubo and is 
accompanied by anorexia and prosti'ation. Irregular temperature with 
chills indicates severe generalized virus infection. Headache was noted 
in over one third of our cases. Dizziness and slight nausea were usually 
present, as a rule forcing the patients to bed. Meningeal reaction with 
stiffness of the neck was observed by Nicolas and Lebeuf and by us, 
while Chevallier and Bernard reported what was possibly chronic menin- 
gitis in a woman suffering from the disease. Insomnia was stressed by 
Tran-Tan-Phat. Anorexia with occasional vomiting was present in 11 
per cent of our cases, and Giacardy and Guttentag reported cases in 
which there was a resemblance to acute enteric infections. Loss of 
weight was prominent in 25 per cent of our series. One patient 
experienced a weight decrease of 30 pounds (13.5 Kg.) during the first 
week of the disease. Backaches were rather characteristic in our female 
patients, though rarely seen in men ; this, we believe, can be taken as 
an indication that infection of the deeper pelvic glands is frequent 
in females. It is, as well, a constant symptom in patients suffering 
from stricture of the rectum and is sometimes associated with acute 
pelvic symptoms (Franchi). Various authors have recorded changes 
in the blood picture, although these are not believed to be characteristic 
(Nicolau; Stannus). Ravaut and Cachera found an increase of the 
mononuclear cells up to 17 per cent, and Ruge observed an increase in 
the total white cell count. The observation of mononucleosis was con- 
firmed by others (Bernucci; Kristjansen; Gay Prieto). Chevallier and 
Bernard and Coutts and Banderas Bianchi found eosinophilia vary- 
ing from 2 to 23 per cent. Coutts found that anemia is constantly 
present to a marked degree in what he terms the ‘'second stage of the 
disease,” an observation not made by Ruge or by us. Serologic changes 
have led to the introduction of vai'ious diagnostic methods, which will 
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be discussed in another chapter. The spinal fluid has been examined 
especially with reference to cephalalgia (Ravaut and Scheikevitch ; 
Midana and Vercellino; Kitagawa). The hypertension of the spinal 
fluid observed by Kitagawa in 30 cases could not be found by Chaigneau, 
while the findings of Midana and Vercellino were refuted by Ravaut and 
Scheikevitch. Our examination of the spinal fluid in numerous cases 
did not show any deviation from the norm. 

Remote lesions ascribed to venereal lymphogranuloma are being 
observed with increasing frequency, but caution in their evaluation is 
necessary in order to avoid erroneous conclusions. Short-lasting attacks 
of polyarthritis have been observed by a number of authors (Durand, 
Nicolas and Favre; Lohe and Blummers), while others have reported 
true arthritis with exudative and chronic changes in the joint (Frau- 
chiger; Caciro Carrasco; Koppel; H. Hoffmann; Gottlieb, and others). 
Coutts mentioned the similarity of the disease in such a form to gonor- 
rheal arthritis and prepared a potent antigen from the exudate occurring 
in the joints. Severe involvement of joints, with sepsis was noted by 
Buschke, Boss and Vasarhelyi and by Reichle and Connor. Cutaneous 
lesions produced by the virus can be divided into two groups : general 
exanthems and local skin changes around or close to the genital lesions. 
Among the first, two types of erythema nodosum, multiforme and 
exudativum, have been described by numerous authors (Hellerstrdm ; 
Kleeberg; Frei and Hoffmann; Koppel; Chevallier and Bernard: Cuesta 
de la Almonacid ; Cans ; Kitchevatz ; Buschke ; Pinard and Fiehrer ; Lohe 
and Blummers) . Representing the second group, small pustular or nodular 
lesions localized in the genital area have been observed (Pinard and Fieh- 
rer ; Cuestra de la Almonacid ; Levy-Franckel and Temerson ; Sezary and 
Bardin; Chevallier and Bernard; D’Aunoy and von Haam). Stomatitis 
was observed by Gottliel) and by Lohe and Blummers in their cases ; con- 
junctivitis and episclerotitis, by Gottlieb, Hellerstrom and Koppel as 
well as by us in 2 instances. Eyeground changes — peripapillary edema 
of the retina and tortuosity of the vessels — were described by Kitagawa; 
the observation was confirmed by Coutts and considered by him as 
“highly specific” for the disease. Clinical suggestions that lesions occur 
also in the spleen and liver (Chevallier, Moricard and Levy-Bruhl ; 
Naumann ; Pardo-Castello) and lungs (Hansmann) still require adequate 
confirmation. 

It cannot be denied that the presence of constitutional symptoms 
and the occurrence of remote lesions during the course of venereal 
lymphogranuloma suggest a generalized systemic infection. However, 
considering the great rarity with which these remote lesions are encoun- 
tered as contrasted with the frequency of the manifestations localized to 
the genital area, we believe that it can be assumed that in most instances 
disseminated virus is soon destroyed. 
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PATHOLOGY 

In contrast to llie rai)id]y increasing literature dealing with the clin- 
ical and statistical aspects of venereal lymphogranuloma, very little has 
been published recently concerning the i)athologic changes initiated l^y 
the disease. The reason for this is twofold : first, most of the lesions 
are evanescent, and it is usually difficult to obtain biopsy material; 
second, many observers considered the histologic descriptions given 
before discoveiy of the Frei test as sufficient and needing no further 
elaboration. The material at our disposal has allowed us to study prac- 
tically all of the pathologic changes described by various authors, and 
our numerous transmission experiments furnished rich material for the 
stud}' of lesions produced by the virus in most species of animals. We 
shall now compare our observations with those recorded in the literature 
and attempt to trace the evolution of the disease from its primarv lesion 
to its final stage. 

Human Lesions . — studied histologically two types of primary 
lesions — the lymphogranulomatous chancre and the herpetiform pre- 
putial lesion. The chancroidal form has a histologic appearance similar 
to that of a soft chancre of the Ducrcy ty])e. It consists essentially of 
necrosis of the epithelium and underlying connective tissue with abundant 
circumferential epithelial proliferation (von Haam). In the zone 
removed from the immediate region of necrosis and ulceration the lymph 
vessels are markedly dilated and filled with large endothelial cells. The 
herpetiform lesion is characterized Iw hyperplasia of the stratum 
granulosum with marked intraepithelial edema and dense infiltration of 
the entire rete IMalpighii by small and large round cells and neutrophilic 
leukocytes. 

The inguinal buboes have been so splendiclh’ described by Durand, 
Nicolas and Favre that little can be added. The excised inguinal masses 
usually consist of a number of enlarged glands held firmly together 
by plastic periadenitis. In the early stage of the disease only a grayish, 
sometimes slightly hemorrhagic swelling of the glands is noted, but as 
the process advances the glandular tissue takes on a yellowish gelatinous 
appearance interspersed with small gra3'ish white pinpoint areas. These 
are miliary abscesses. At this stage the periglandular tissue is usually 
markedly hemorrhagic and ver}”^ edematous. The small focal abscesses 
enlarge, many become confluent.* and final!}' pus breaks through the 
capsule of the gland, reaching the surface through numerous sinuses. 
If the patient is not treated surgically, these sinuses continue to form 
until the overlying skin appears as a sieve. The process has now reached 
its point of culmination and, \vith slow formation of a fibrous scar, 
healing follows, generally interrupted by frequent flare-ups I'esulting 
from pyogenic infections. Histologically the inguinal bubo of venereal 
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l3'mphogranuloma is especially characterized by proliferation of the endo- 
thelial cells lining the lymph spaces of the glands. ^Massing of large 
mononuclear cells occurs in the form of more or less circumscribed 
nodules — the gouunes lymphogranulomatosiqiics of French authors. In 
some cases the disease remains arrested at this stage, with no actual 
destruction of tissue. In such cases firm, often indolent glands remain 
palpable for a long time, slowl}- undergoing resolution (formes frustes). 
In the majority of cases, however, invasion of the endothelial nodules 
by polymorphonuclear leukocytes takes place ; the centers of the nodules 
become necrotic, and small abscesses surrounded by rather densely 
packed endothelial cells result. These abscesses usually assume a 
triangular or quadrangular shape (stellate abscesses) and diagnostically 
are quite characteristic. At the same time, fibrosis begins from the 
capsule of the node, a markedly vascular granulation tissue invaded by 
numerous plasma cells completeh' destroying the normal histologic 
structure of the gland. In chronic conditions no characteristic histo- 
logic glandular lesion can be noted. In the pus from inguinal buboes, 
as well as in the necrotic debris of the small stellate abscesses, small 
intracellular bodies were described by Gamna and Favre. who suggested 
that they represent inclusion bodies. Fischl. Todd and Bory confirmed 
the observation of such intracytoplasmic chromatophil bodies but 
expressed the opinion that they were phagocytosed cellular debris. 
Findlay, on the basis of careful study, classified them as nucleolar 
extrusions of the type frequently noted in other pathologic conditions. 
They are not identical with the small granulocorpuscles described by 
jMiyagawa and his co-workers as corpuscular forms of the virus. We 
have seen similar structures, stained very irregularly with hematoxylin 
and eosin. in smears of pus and believe them to be nuclear debris 
resulting from necrobiosis. 

EsfJiiainciie and Inflanunatory Stricture of the Rectum. — In their 
basic pathogenesis these chronic manifestations of venereal lympho- 
granuloma are identical. e\'en though they occur in different anatomic 
structures ; which develops depends largely on the location of the pri- 
marily infected h-mph glands. Involvement of the inguinal, presym- 
physial or crural lymph nodes will aff'ect the scrotum, penis or vulva, 
while infection of the anorectal, deep iliac and presacral glands will cause 
involvement of the perineum and of the lower part of the rectum. The 
essential pathologic process in both conditions is thrombendolymphan- 
gitis and perihnnphangitis with a tendency to spread from the infected 
glands into the surrounding tissue. The changes in the lymph vessels 
are probably caused b}- direct action of the virus, as indicated bv the 
experiments of Ravaut, Levaditi. Lambling and Cachera and of Lobe 
and Rosenfeld. and are not merely the effect of Ivmph stasis as Frei 
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believed. This chronic progressive lymphangitis accompanied hy chronic 
edema and sclerosing fibrosis of the subcutaneous and submucous tissues 
results in induration and enlargement of the affected parts. The cover- 
ing epithelium finally suiTers from insufficient circulation, and ulceration 
occurs. These changes are observed earlier in the rectum, where the 
mucous membrane is more sensitive to changes in the submucous tissues, 
than in the skin of the perineum and genitalia. Pyogens invading such 
ulcerated areas play havoc in the altered tissue structures and establish 
foci of infection, ultimately responsible for the fast downhill course of 
patients afflicted with these lesions. The histologic picture of these 
chronic lesions is not characteristic and docs not permit accurate diagnosis 
as conclusive!}’ as does the picture encountered in the acute bubo. 
Briefly summarized, the essential changes in rectal stricture are: 
destruction and ulceration of the mucosa; infiltration of the muscular 
layer by miliary accumulations of lymphocytes and plasma cells ; dilata- 
tion of the lymphatics with perilymphatic infiltrations : thrombendo- 
lymphangitis (Barthels and Biberstein ; Lichtenstein). Often the blood 
vessels show some endarteritic changes with narrowing of their lumens, 
which, however, is never as marked as in syphilis. The presence of 
specific granulation tissue comparable to the endothelial nodules in the 
lymph glands has been described in the chronic lesions by Gougerot and 
Carteaud, who observed veritable ejowntes de Nieolas Fovre in very early 
lesions of elephantiasis of the genitalia and anus. These consisted of 
well circumscribed accumulations of neutrophilic leukocytes, eosinophils, 
mononuclear cells, plasma cells and epithelioid cells, showing at their 
centers homogeneous pink-staining material containing pyknotic and 
destroyed leukocytes and surrounded by dilated blood and hanph vessels, 
the latter usually filled with plasma cells. Barthels and Biberstein 
observed similar lesions in the ampulla of a rectum extirpated because 
of inflammatory stricture but thought that the gumma-like masses and 
small stellate abscesses were localized in the small lymph nodes and did 
not occur in the connective tissue, ^^''’e ha^-e observed a case of elephan- 
tiasis of the vulva with numerous similar small gummas located beneath 
the mucous membrane. In these microscopic examination revealed large 
numbers of giant cells as noted by Babes in a similar case. Syphilis 
could be excluded. As frequent sequelae of rectal stricture, anal tags 
must be mentioned. Histologically these are composed entirely of dilated 
lymph vessels with perilymphatic inflammation. Lichtenstein suggested 
the name “lymphorroids” for these formations, which clinically are 
usually diagnosed as hemorrhoids. The sclerosing process extends far 
into the periproctal tissue, and the rectum has the appearance of being 
encased in cement. Numerous adhesions fix the lower part of the 
sigmoid and the rectum to the wall of the pelvis and to the neighboring 
organs, and in some cases a picture resembing that in chronic pelvic 
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inflammatory disease is produced. The histologic changes in the ulcerated 
mucous membrane are essentially those encountered in the ulcerations 
occurring in esthiomene of the pudenda. A primary disease of the 
rectal mucosa caused by the virus of venereal lymphogranuloma, so-called 
anoproctitis. which may give rise to rectal stricture, has been suggested 
by Coutts, who ascribed pederasty as its determining cause. 

Exfrageuital Lesions . — Reports on the pathogenesis of extragenital 
lesions are rare, and much information is needed in order to draw 
accurate conclusions regarding widespread dissemination of the virus 
during the course of the disease. Cans described the histologic picture 
of a papular erythema observed in a patient with venereal lympho- 
granuloma. The lesion was strictly localized and consisted of only 10 to 
15 papillae. The infiltrative leukocj'tic process was confined principally 
to areas around the blood vessels, in which the endothelial linings were 
swollen and desquamated. W’e observed a fistulous subacute epididymitis 
in a man with a strongly positive Frei reaction. The testis and epididymis 
were seeded with small stellate abscesses from vhich sinuses led to the 
skin of the scrotum. ^Microscopic examination showed a typical endo- 
thelial reaction with central necrosis and suppuration similar to that seen 
in lymph glands. D ’Annoy and Schenken observed venereal lympho- 
granuloma of the fallopian tube in a 20 year old Negress, who gave a 
history of pelvic pains with menstrual disturbance of six weeks’ dura- 
tion. A clinical diagnosis of chronic pelvic inflammatory disease was 
made and the patient treated by salpingectomy. Gross examination of 
the tube revealed a thickened, fibrous organ with partiall}’’ obliterated 
fimbriate folds and whitish gray nodules in the region of the isthmus. 
Microscopic examination showed in the wall of the tube numerous 
stellate abscesses surrounded by typical masses of endothelial cells. The 
patient reacted positively to two Frei antigens. A very interesting 
case of localization of the virus in the human brain was observed by 
Schenken in this laboratory. A woman 45 years of age who had been 
suffering for some time with inflammatory stricture of the rectum 
was admitted to the hospital with symptoms of meningeal irritation. 
These were ascribed to pellagra, a frequent complication of stricture of 
tbe rectum. Autopsy and histologic examination revealed a diffuse 
meningeal reaction with lymphocyte and plasma cell infiltration and 
localized areas of superficial necrosis. Intracerebral inoculation of 
emulsions of this brain into white mice produced the typical picture of 
venereal l 3 'mphogranuloma encephalitis. The recOA-ered A’irus was trans- 
mitted through several generations of Avhite mice. Antigens prepared 
from these infected mouse brains gave positive cutaneous reactions in 
patients proA^ed to haA’e the disease. Lesions iuA'oh-ing the urethra haA’e 
been described in both males and females. M’e observed in each of 2 
females a lesion of the urethra AA'hich transformed it into a rigid fibrous 
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tube. Biopsy showed granulation tissue with marked fibrous and 
lymphocytic infiltration. A Negro who came to the clinic of the State 
Charity Idospital of Louisiana at New Orleans because of swelling of 
the penis and difficulty in voiding was found to have a large granuloma- 
tous mass destroying the urethra. Microscopic examination of this mass 
revealed small nodules or handlike arrangements of endothelial cells 
interspersed with poh’-morphonuclear leukocytes, lymphocytes and 
plasma cells. Giant cells resembling Langhans cells were present. Inoc- 
ulation of guinea pigs with tissue emulsions produced no evidence of 
tuberculosis. The patient had a positive Frei reaction. Complete autop- 
sies on patients with venereal lymphogranuloma have been reported by : 
Hillsman, Wilshtisen and Zimmerman ; Wernich ; Wien and Perlstein ; 
Wien, Perlstein and Neiinan ; Lichtenstein, Peichlc and Connor, Most 
of the reports contain nothing of interest. In the case observed by 
Reichle and Connor, excision of inguinal buboes histologically charac- 
teristic of venereal lymphogranuloma was followed by purulent arthritis 
of the hip joint. At autopsy a large psoas abscess was found with 
destruction of the hip joint, as well as nodular masses in the kidneys 
and adrenals. On microscopic examination these masses showed "mono- 
nuclear abscesses” with central necrosis caused, in the opinion of the 
authors, by the virus of venereal lymphogranuloma. No attempts, how- 
ever, were made to demonstrate the virus by animal inoculation, nor 
were diagnostic antigens prepared from the tissues. We have performed 
autopsies in 23 cases of chronic inflammatory stricture of the rectum and 
have not found such lesions as described by Reichle and Connor. The 
only notable observation which we wish to record from our autopsy 
experience is the occurrence of j^cHagra in 22 per cent of the cases of 
rectal stricture. As stated in previous publications, this coincidence is, 
to say the least, remarkable. 

Lesions in Animals . — Lesions in animals have so far been observed 
onl}^ after experimental inoculation of the animals with the virus, spon- 
taneous occurrence of venereal lymphogranuloma being unknown to 
veterinary medicine. Owing to the recent interest aroused by this 
disease, there are now available many accurate accounts of such experi- 
mental lesions in A^arious susceptible animals. 

Central Nei'vons System . — The best method of infecting animals 
with the Aurus of A’enereal granuloma is by intracerebral inoculation. 
The principal lesion so produced is encephalomeningitis, especially pro- 
nounced in certain types of monkeys, Avhite mice and ferrets (D’Aunoy 
and von Haam) but infrequent in gninea pigs and rabbits. Macro- 
scopically one observes moderate to marked diffuse hyperemia of the 
brain, not restricted to the area of trauma or its immediate Au’einity 
(MiyagaAva and co-AVorkers). Microscopically the picture is that of 
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dense infiltration of the meninges of the brain, occasionally those of the 
upper part of the cord and the brain substance itself. Neutrophilic 
leukocytes, large and small mononuclear cells and plasma cells arranged 
in cell nests around the smaller vessels give rise to the so-called lympho- 
mas. The choroid plexus shows similar areas of infiltration, and sub- 
ependymal edema is often very characteristic during the acute stage of 
the disease. We have frequently observed pyknotic changes in some of 
the ganglion cells near the areas of infiltration, but in general the damage 
to nerve tissue proper is slight. The histologic picture is fairly charac- 
teristic, and the lesions can be easily differentiated from those of spon- 
taneous encephalitis, described as occurring in various animals, especially 
white mice. lonesco-Mihaiesti and co-workers described, after intra- 
peritoneal inoculations, degenerative lesions in the columns of Goll 
with demyelination of axis-c3dinders and glial proliferation similar to 
the histologic changes in human tabes. We have never seen such lesions, 
nor had Findlay. We believe with LeA^aditi and his co-workers that they 
resulted from spontaneous disease in the animals and were not produced 
by the Aurus. LeA'aditi designated the experimental lesions of the brain 
caused by the A'irus as “neuromesodermoses,” in contrast to the neuro- 
ectodermoses produced by neurotropic viruses. Findlay produced lesions 
in the brain by intraperitoneal injection of the A'irus and simultaneous 
traumatization of the brain. 

Skin and Lymph Glands . — The second most commonly used method 
of infecting experimental animals is the intracutaneous or subcutaneous 
inoculation of material containing the Aurus. This method is especially 
useful Avith respect to monke)'^s, guinea pigs and rabbits. The lesion 
produced at the site of inoculation is quite similar to the primar}’’ lesion 
seen in man. Findlay described it as a thickening of the epithelial layer 
Avith dense subepithelial infiltrations of few neutrophils and many plasma 
and plasmac 3 qoid cells. The endothelium of the subepithelial capillaries 
is SAvollen to such an extent that the lumens are almost closed. LeA^aditi 
and Nicolas observed similar changes. The regional inguinal glands after 
such inoculations shoAv lesions comparable to the inguinal buboes of the 
human disease. This is especiall 3 ' so in the guinea pig. With monkeys, 
hoAA'ever. such infections are folloAved b3’ earl3’- and extensiA'e abscess 
formation (Findla 3 '). De Blasio, by direct intraglandular inoculation 
of infected material, produced similar lesions in the cervical glands of 
guinea pigs, and Bonne and his co-Avorkers in Netherland East Indies 
noted similar changes folloAA'ing injection of material from climatic 
buboes. 

Changes in Other Organs . — Caminopetros and Photakis obtained 
marked h3fperplasia of the reticuloendothelial cells in the lungs of rabbits 
by intrapulmonar3' injection of the A'irus. Such lesions have been simi- 
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lady produced in rabbits and guinea pigs (von Haam and Hartwell). 
Macroscopically the lungs show small grayish areas resembling atelectatic 
lung tissue. Microscopically there is marked accumulation of endo- 
thelial cells with round cell infiltration. A single injection will eventually 
produce numerous such focal lesions throughout the lung. Meyer and 
co-workers noted perivascular changes in the liver after intrahepatic 
injection of virus-containing material. Splenic enlargement usually fol- 
lows injection of the virus by any route (Meyer, Rosenfeld and Anders; 
Nicolas; de Blasio; D’Aunoy and von Haam). Subsequent to intra- 
cerebral inoculation Levaditi, Hellerstrom and Wassen and Findlay were 
able to recover the virus from the spleen. Miyagawa and his co-work- 
ers, by intratesticular injection of virus-containing material into white 
mice, produced in a few cases adhesions between the tunica vaginalis 
and the parenchyma of the testicles with atro])hic and sometimes purulent 
changes. Intraperitoneal inoculation causes adhesive peritonitis (lonesco- 
Mihaiesti and co-workers). Corneal scarification in monkeys did not 
produce keratitis, but injection of virus-containing material into the 
vitreous produced iridocyclitis with subsequent atrophy of the eyeball 
(Stannus). Intracerebral injection of material containing the virus 
into white mice, monkeys, ferrets, cats, sheep and calves produced in the 
majority of cases severe unilateral or bilateral conjunctivitis within from 
three days to two weeks (von Flaam and Hartwell). Microscopically 
such lesions show hypersecretion of mucus by the columnar cell epi- 
thelium and infiltration by large and small mononuclear cells and sparse 
neutrophilic leukocytes within the subepithelial layer. Inclusion bodies 
have never been observed. The dissemination of the virus in animals 
infected experimentally is apparently dependent on the route of inocula- 
tion, intracerebral and intraperitoneal injections usuall_v leading to gen- 
eral spread, while subcutaneous injection seldom produces more than a 
primary lesion and regional glandular swelling. The close identity of 
some of the lesions in animals with the lesions observed in man must 
be emphasized, suggesting the possibility of many yet undescribed lesions 
occurring in man. 

ETIOLOGY 

Numerous attempts have been made to cultivate the causal agent of 
venereal lymphogranuloma from the pus of “climatic buboes” or the 
buboes of “Nicolas Favre’s disease.” Through such efforts various types 
of organisms have been isolated by man)'’ investigators, although others 
consistently have found pus from such lesions sterile. As previously 
noted, most authors of the nineteenth century considered venereal 
lymphogranuloma as a tuberculous or syphilitic process, and some even 
ascribed its manifestations to Plasmodium malariae, Pasteurella pestis, 
fungi, diphtheroids, various- types of cocci, amebas, unknown toxins. 
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constitutional factoi's and climatic influences (L. INIartin ; Cantlie; Ruge). 
The greatest difficulties under which investigators of this period worked 
were undoubtedly inability to select cases in which there were no com- 
plications and inability to reproduce the disease in experimental animals. 
These handicaps were removed by the discovery of the specific skin 
reaction by Frei, in 1925, and the transmission of the disease to monkeys 
by Hellerstroin and Wassen, in 1930. Shortly thereafter, these Swedish 
workers, as well as Levaditi, Ravaut, Lepine and Schoen, demonstrated a 
filtrable virus as the causal agent of the disease. In the United States 
Grace and Suskind and D’Aunoy, von Haam and Lichtenstein demon- 
strated the presence of the virus as an endemic infectious agent in 
New York and New Orleans, and D’Aunoy and his co-workers estab- 
lished the identity of their strains with the virus isolated by continental 
workers. Since its discovery, the presence of the virus in cases of 
venereal lymphogi'anuloma has been confirmed by authors all over the 
world, and the etiologic significance of the virus is now well established. 
According to McKinley’s classification, it belongs to the group of filtrable 
viruses without cell inclusions. 

Habitat and Routes of Infection . — The virus of venereal lympho- 
granuloma has been recovered from the tissues and exudates of the 
primary lesion (Lohe, Rosenfeld, Schlossberger and Krumeich) ; from 
the pus and tissues of inguinal buboes (Hellerstrom and Wassen ; Leva- 
diti and co-workers; Findlay; Cohn and Kleeberg; Freund and Reiss; 
de Blasio ; Nicolau ; Caminopetros, Phylactos and Photakis ; Grace and 
Suskind; von Haam and Lichtenstein; Bizzozero and Midana; Miya- 
gawa and co-workers, and others) ; from the tissues of the chronic 
lesions — esthiomene and inflammatory stricture of the rectum (Ravaut 
and co-workers ; Laederich, Levaditi, Mamou and Beauchesne ; Levaditi, 
Mollaret and Reinie), and from the spinal fluid of patients with the 
disease in acute form (D’Aunoy and von Haam). Transmission of the 
disease by means of the blood (Findlay; von Haam and D’Aunoy) or 
the saliva (D’Aunoy and von Haam) of patients afflicted with the disease 
has not been possible. In none of the reported cases of remote extra- 
genital lesions, such as cutaneous manifestations or arthritis, has the 
virus been proved by animal inoculation to have been directly responsible. 
Coutts’s theory that the virus is of buccal origin is based purely on clinical 
evidence (Coutts; Coutts and Banderas Bianchi). A carrier state has 
never been demonstrated in healthy human beings. 

In most cases the genital tract is the portal of entiy for the virus in 
man. The virus is probably transmitted through direct contact with the 
diseased mucous membrane during coitus, numerous partner cases prov- 
ing the venereal nature of the infection. Because of the evanescent 
character of the primary lesion in the female, this sex must be held 
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responsible for the greater number of cases of venereal lymphogranu- 
loma in man. Simple contact, without sexual relations, may transmit the 
virus to children, as in the case reported by Lujan and Rotter. Infected 
douche instruments have been blamed for transmission of the virus 
among women. The question of an intermediary animal host which may 
play a role in the transmission of the virus has been raised by Coutts, 
and he incriminated the pubic louse, met so often in patients of the low 
social stratum affected Iw venereal lymphogranuloma. So far no proof 
sustaining his contention has been adduced. \I'e have unsuccessfully 
searched for concurrence of venereal lymphogranuloma and pediculosis 
pubis. Sexual perversions may produce extragenital infection, and care- 
less handling of infectious material may bring the disease to physicians 
and nurses. Bonne, van dcr Horst and Pet reported in 1933 that diag- 
nostic antigen prepared according to the method of Frei produced in 3 
volunteers one to six weeks after inoculation typical axillary buboes, 
and they argued that the temperature recommended by Frei may not 
kill all “strains” of the virus. We have had a similar experience. A 
batch of heated mouse antigen produced typical axillary buboes and small 
pustular lesions at the site of injection. We ascribed this to carelessness 
in the preparation of the antigen rather than to unusual resistance to 
heat on the part of the virus used. Purposeful infection of human beings 
has been reported (Levaditi, Marie and Lepine; Levaditi, Ravaut and 
Cachera; Chevallicr and Bernard). Only in the case reported by Leva- 
diti and co-workers was a regional bubo produced. 

The period of incubation varies betwceii three da}'S and three weeks. 
We encountered a case in which a primar}' penile lesion appeared two 
days after intercourse and another in which buboes appeared as late as 
four week's after coitus. An interval of about one week usually elapses 
between the appearance of the primary lesion and the establishment 
of the inguinal bubo. One of our female patients received a slight 
laceration during intercourse, and an inguinal bubo developed three days 
later. The frequent absence of any discernible primar}’’ lesion makes 
accurate determination of the period of incubation extremely difficult. 

PHYSICAL CHARACTERISTICS OF THE VIRUS 

Filfrabilify and Sice . — That the virus can be filtered through the 
usual bacterial filters has been definitely established by Hellerstrom and 
Wassen and Levaditi and his school, but filtration is not successful in 
every instance. This is not surprising in view of the many factors 
involved, such as the hydrogen ion concentration and nature of the virus 
emulsion, the preparation and electrical charge of the filter, the absorp- 
tion of virus, etc. According to Findlay, the virus can be filtered better 
from emulsions of monkey brains than from emulsions of mouse brains. 
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We haA'e succeeded in passing the virus in emulsions of glands from 
infected monkeys, mice and ferrets and from the membranes of infected 
eggs through Chamberlain candles L3. We have failed, however, to 
recover the virus from filtered pus of inguinal buboes. Miyagawa and 
co-workers succeeded in passing the virus with ease through such filters 
as Chamberlain L2 and L3, Berkefeld V and N and Seitz E. K. They 
also passed the virus through collodion membranes with pores smaller 
than 0.24 micron. Our recent experiments have shown that purification 
of virus suspensions by the isoelectric point method facilitates their 
filtration (D’Aunoy and Andes). Broom and Findlay estimated the 
size of the virus to be between 0.125 and 0.175 micron, similar to the 
size of the virus of vaccinia. Visible forms of the virus were described 
by Miyagawa and his co-workers. In smear preparations from human 
infected glands and from lesions in the central nervous S3"Stems of 
experimental!}^ infected animals, they found spherical microcorpuscles, 
approximately 0.3 microns in diameter. They regard these not as 
identical with the Gamna bodies but as corpuscular forms of the virus, 
their minute size allowing passage through collodion, Seitz and other 
filters. We have not been able to confirm the observations of these 
Japanese authors. 

Resistance to Physical and Chemical Agents . — The virus shows little 
resistance to heat, being inactivated when exposed to 56 C. for thirty 
minutes, according to Levaditi, Marie and Lepine, or for ten minutes, 
according to Miyagawa and co-workers. The same authors observed 
that it remained virulent for twenty-three days at temperatures of 4 C. 
and for thirty days in a frozen state. Hellerstrdm and Wassen obtained 
practically similar results. According to Findlay, freezing and drying 
in A'acuo preserve material containing the virus without loss of virulence 
for three months. We have desiccated infected ferret brains in vacuo 
at freezing temperature, stored them in the ice box (4 C.) for twenty- 
five days and found them still infectious for white mice. Solution of 
formaldehyde U. S. P. in the. concentration of 1 : 1,000 renders the 
virus inactive, while phenol and sodium ricinoleate in the same concen- 
tration have only an attenuating efifect on it, mice inoculated with virus 
suspensions so treated dying sixty to ninety days after inoculation. In 
contrast to the neurotropic viruses, the virus of venereal lympho- 
granuloma is quicldy inactivated by glycerin (Levaditi and co-workers). 
In the presence of oxygen and light methylthionine chloride (methylene 
blue) and acriflavine in concentrations of 1 : 100,000 inactivate emulsions 
of virus-containing mouse brain; in the absence of light these dyes in 
similar concentrations have no such effect. The action of ultraviolet 
rays and radium has been studied by Levaditi and by Levaditi and 
Reinie, who found that exposure of emulsions of virus-containing matter 
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to the rays of a mercury vapor lamp for thirty minutes rendered them 
noninfectious, while exposure to the gamma rays of 7.5 millicuries of 
radium did not affect their virulence. 

BIOLOGIC CHARACTERISTICS OE THE VIRUS 

Natural and Acquired Immunity. — The problems of immunity are 
practically open chapters in the knowledge of venereal lymphogranuloma. 
\'\'hether natural immunity to the disease occurs in man is still undecided. 
The marked prevalence of the disease among Negroes we attribute, in 
accord with other authors (C. F. Martin and others), more to the 
unhygienic and unsocial methods of living among them than to greater 
racial susceptibilit}'. The question of jjcrmanent immunity produced 
by the disease or by subclinical infections with the virus is still undecided. 
We are of the opinion that cases of reinfection (Kitchevatz) can be 
explained as simple recurrences resulting from residual infection. 

Antibody Production. — Without doubt, the appearance of specific 
sensitivity to Frei’s antigen indicates the production of specific anti- 
bodies in human and animal hosts. The nature of these antibodies and 
their mode of action, however, have not been determined. Patients in 
the last stage of inflammatoiy stricture of the rectum react to the specific 
antigen in exactly the same manner as do patients with a slight or severe 
attack of inguinal bubo. This allergic condition persists for many years 
after the disease has apparently been cured and is only slightly influenced 
by such circumstances as old age, stage of nutrition, concurrent disease 
or reappearance of the disease (Nicolas, Lebeuf and Charpy). The 
presence of virucidal substances in the serum of patients recovering 
from venereal lymphogranuloma is reported by Levaditi, Ravaut, Lepine 
and Cachera and confirmed by Findlay. Working with guinea pigs and 
monkeys, Miyagawa and co-workers were also able to demonstrate 
virucidal substances in human convalescent serum. In our experiments 
serum from patients convalescing from acute inguinal buboes two to four 
months after infection did not neutralize emulsions of virulent mouse 
brains. Kalz and Sagher noticed milder evolution of the disease in 
patients administered serum from those convalescing from the disease. 
Gottlieb reported that Frei antigens are neutralized when mixed with 
convalescent serum and kept at ice box temperature for forty-eight 
hours. Gottlieb’s results have not been confirmed by Miyagawa and 
co-workers, Gallego Calatayud or ourselves. 

Plurality of Virus Strains. — The question of a plurality of virus 
strains in this disease is as 3'et undecided. Coutts concluded from his 
clinical studies that there are two different types of the virus, each 
producing various syndromes of the disease. Virus A, according to 
Coutts, is the etiologic factor of a strictly localized disease, “lympho- 
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granulomatosis venerea,” while virus B produces a systemic infection 
of the lymphatic system, “lymphopathia lymphogranulomatosa.” We 
have not been able in our extensive studies to find differences in the 
virus as isolated from various sources which would warrant such a 
belief. We admit, however, in agreement with Chevallier and Bernard, 
that we have found differences in aggressiveness and in invasiveness in 
the virus as variously isolated. 

Animal Susceptibility . — After numerous failures and doubtful results 
Hellerstrdm and \Vassen reported at the session of the Eighth Inter- 
national Congress of Dermatolog}’, in 1930, that they had succeeded in 
transmitting the disease to Macacus rhesus and Macacus cynomolgus 
by intracerebral injections of pus obtained from bubo.es of patients. 
Since this fundamental work numerous reports recording susceptibility 
of various animals to the virus have appeared. The following species of 
animals have been studied in regard to susceptibility: monkeys (de Bel- 
lard; Hellerstrom and Wassen; Levaditi and co-workers; Cohn and 
Kleeberg ; Ldhe. Rosenfeld, Schlossberger and Krumeich ; Caminopetros, 
Phylactos and Photakis ; lonesco-iMihaiesti and co-workers ; Findlay ; 
D’Aunoy, von Haam and Lichtenstein; Grace and Suskind; Miyagawa 
and co-workers); rabbits (Chevallier. Levy-Bruhl and Moricard; 
Freund and Reiss; Levaditi and co-workers; Caminopetros, Phylactos 
and Photakis; Findlay); guinea pigs (Ravaut, Boulin and Rabeau; 
Gay Prieto; de Blasio; Meyer, Rosenfeld and Anders: Freund and 
Reiss ; Nicolau ; Caminopetros, Phylactos and Photakis ; Findlay ; 
D’Aun 03 % von Haam and Lichtenstein; Bizzozero and Midana) ; dogs 
(Nicolau; Findlay); cats (Levaditi, Ravaut, Schoen and Vaisman; 
von Haam and Hartwell) ; white rats (Findlay) ; field voles (Findlay) ; 
ground squirrels (Caminopetros and co-workers) ; ferrets, sheep, calves 
and frogs (D’Aunoy and von Haam). Of these, white mice, certain 
species of monkeys (M. cynomolgus, Hapale penicillata and the baboon) 
and ferrets are highly susceptible to the virus, a large percentage of 
these animals succumbing to its effects. Only a small percentage of dogs, 
cats and guinea pigs can be infected, while inoculation of rabbits, sheep 
and calves produces infection in rare instances. Chickens, ground squir- 
rels and field voles may harbor the virus for ten to thirty days without 
presenting any symptoms or lesions, and in frogs and white rats the 
virus is quickly destroyed and does not affect the animals. 

Passage of the virus from animal to animal is possible, the “Kamm” 
strain having been preserved in Levaditi’s laborator}"- for over five years. 
In our laboratory, we have kept six strains highly Hrulent hy biweekly 
transfer to new animals for four years. Repeated passage through the 
same species of animal may lead to increased invasiveness (Grace and 
Suskind) or in rare instances to autosterilization of the virus strain 
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(Levaditi). Passage from one species to another has been performed 
without difficulty, and passage from animal back to man has been 
successful (Levaditi, Ravaut, Lei^ine and Schoen). The type of lesion 
produced experimentally in the susceptible animal depends on the portal 
of entry of the virus. The most effective route of infection is the 
intracerebral one. wherein it is of little importance whether the inoculum 
be deposited subdurally or intraccrebrally. The essential pathologic con- 
dition produced thereby is meningoencephalitis, which proves fatal to 
the majority of animals. General spread of the virus throughout the 
body following intracerebral inoculation has been proved to occur by 
Levaditi and Reinie. It was recovered from other organs after intra- 
cerebral infection of the animals by Levaditi, Ravaut. Lepine and Schoen 
and by D’Aunoy and von Haam. Meningoencephalitis can also be pro- 
duced by intraperitoneal inoculation of the virus if the brain is simul- 
taneously traumatized by injection of a sterile starch emulsion (Findlay). 
Bilateral fibrinopurulent conjunctivitis has been encountered with such 
regularity in intraccrebrally infected animals that it must be regarded 
as significant (von Haam and Hartwell). Subcutaneous inoculation of 
the virus in monkeys, dogs, rabbits and especially guinea pigs produces 
at the site of injection a small papular lesion, with swelling of the 
regional glands, in about 30 per cent of cases. Occasionally generalized 
infection may follow such an injection (Meyer, Rosenfeld and Anders; 
Nicolau). Intraperitoneal inoculation (Mihaiesti and co-workers) may 
produce severe adhesive peritonitis. Intrapulmonary inoculation, accord- 
ing to Caminopetros and Photakis, produces characteristic lesions of the 
lungs in rabbits. Intravenous, intraocular, intraarticular and intranasal 
inoculations fail to establish the disease (Levaditi and Reinie). From 
emulsions of the organs of infected and diseased animals, potent antigens 
which can be used successfully for the Frei diagnostic reaction in human 
beings can be prepared (D’Aunoy, Amn Haam and Lichtenstein). 

Cultivation of the Virus. — Successful cultivation of the Aurus in vitro 
Avas reported by Tamura, A\dio claimed to have groAvn it by Maitland’s 
method. The fluid portion of his cultures Avhen heated served, he found, 
as excellent antigens for Frei’s specific diagnostic reaction. Applying 
Tamura’s method, Ave placed 0.1 cc. amounts of 20 per cent emulsions 
of infected mouse brains in Maitland tubes. Tavo to three days after 
inoculation a distinct cloudiness appeared in the tubes. From the second 
and third subcultures mice Avere inoculated intracerebrally Avith 0.1 cc. 
amounts of the supernatant fluid. In these mice characteristic histologic 
changes dcA^eloped. We do not belicA'e that this cAudences virus groAvth. 
The dilution affected by subculturing Avas still Avell AAnthin the limits 
within Avhich the material could prove infectious. Recent reports by 
Voet and by Miyagawa and co-workers fail to confirm Tamura’s results. 
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Cultivation of the virus in the chorioallantoic membranes of hatching 
chick embryos was reported by Miyagawa and associates. These workers, 
employing the technic described by Goodpasture, Woodruff and Bud- 
dingh, were able to propagate the virus for five generations. Smears 
from the white plaques observed on the membranes after inoculation 
contained granulocorpuscles similar to those previously described by 
Miyagawa in human material. We have carried on similar experiments 
during the past two years and have been able to propagate the virus on 
the chorioallantoic membrane. We were unable to find specific histologic 
changes that could be ascribed to virus action, and interpreted the 
“bodies” described by Miyagawa as products of cell degeneration result- 
ing from nutritional changes occurring during the normal development 
of the chorioallantoic membrane, which, it should be remembered, is an 
organ of excretion and respiration in the developing chick (D’Aunoy 
and Evans) . 

DIAGNOSIS 

In general it may be said that the diagnosis of a disease can be made 
by four different methods : clinical methods, by which the manifestations 
and symptoms are observed and interpreted ; bacteriologic methods, by 
which the causal agent is demonstrated ; pathologicoanatomic or histologic 
methods, by which the tissue changes are evaluated and interpreted, 
and immunologic methods, by which the host’s reaction to the noxious 
agent is elicited. 

The diagnosis of venereal lymphogranuloma by purely clinical 
methods is possible in many cases but in our opinion is always difficult. 
In most cases a definite diagnosis cannot be reached by such methods 
alone. We have already discussed the principles underlying the clinical, 
bacteriologic and histologic diagnosis in the chapters dealing with the 
manifestations of the disease, the causal agent and the pathologic 
picture. In this chapter, therefore, we shall refer only to the immuno- 
logic diagnosis of venereal lymphogranuloma, discussing especially the 
technic and the diagnostic value of the Frei intracutaneous reaction. 

Technic of the Frei Test . — Frei recommended, as proper material for 
the preparation of diagnostic antigen, bacterially sterile pus aspirated 
from the bubo of a patient suffering from venereal lymphogranuloma. 
This pus he mixed with four to six parts of physiologic solution of 
sodium chloride and inactivated the emulsion at 60 C. for two hours 
one day and for one hour the next day. Only after bacteriologic tests 
showed the material to be sterile did he consider it fit for use. Bind 
and Hellerstrom and Wassen made use of extracts of glands e.xtirpated 
from patients with venereal lymphogranuloma under aseptic precautions. 
With these they obtained results that were as good as those obtained 
with emulsions of pus. In 1931, after Hellerstrdm and W'assen had 
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isolated the virus of venereal lymphogranuloma, the former prepared 
emulsions of brain substance from monkeys suffering from meningo- 
encephalitis following intracerebral injection of gland material from 
a patient with venereal lymphogranuloma. Such emulsions gave positive 
intracutaneous reactions in patients who had venereal lymphogranuloma 
and negative results in controls. Later Findlay and Wassen independ- 
ently recommended the white mouse as the most practical animal for the 
preparation of antigen. Bloom. Klcebcrg, and Grace and Suskind also 
recommended such antigenic material, the latter emphasizing that brain 
emulsions desiccated in vacuo at freezing temperature constituted by 
far the best material for use in the diagnostic skin test. 

-A-lthough both t3’pes of human antigen proved gcnerall}’’ satisfactory, 
we found difficulty in standardizing various batches of antigen prepared 
from material secured from different patients. Pus obtained from some 
patients possessed much weaker antigenic properties than that from 
others. We therefore adopted emulsions of brains from animals experi- 
mentally infected with the disease as standard antigen, and the use of 
this antigen prepared as a routine in our laboratories has proved the 
method of choice in obtaining acceptable results over a long period. 
While numerous animals are .susceptible to the disease, only infected 
monkeys (common marmoset or Hepalc penicillata) and white mice 
have proved useful as sources of brains for antigenic brain emulsions. 

Since our clinical experiences suggested the possibility of virus strains 
of various aggressiveness (Chevallier and Bernard), we chose from 
40 strains carried in our laboratories for from four to twenty-six animal 
passages the 6 which produced the strongest reactions in animals for 
use in the production of antigen. These 6 strains have been carried 
through mice by biweekly intracerebral injections and have remained 
unchanged in power of invasiveness for these animals. The inoculated 
dose is such that at the end of two weeks the infected animals show 
signs of sickness with marked histologic changes in the brain and 
meninges, but only few die. 

The preparation of antigen from the brains of these animals follows 
the general outline published by Frei and by Hellerstrom : 

A 10 per cent emulsion of brain in saline solution is heated to 52-54 C. for two 
hours the first day and for one hour the second day. Five tenths per cent phenol 
is used as a preservative, and tests for sterility are performed repeatedlj' in order 
to avoid using infected material. Antigens prepared from the various strains are 
pooled, the stock mixture containing all 6 strains. Stock antigen is kept in the 
ice box (4 C.) in the dark and the “date of expiration” set empirically at si.x 
months. Samples of older batches are always available for control tests. Before 
being used for diagnostic purposes, each batch of mixed stock antigen is tested 
for specificity and sensitivity. At least six tests on persons known to have venereal 
lymphogranuloma and six control tests on patients not infected are performed 
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and the results compared with those obtained with other stock antigen mixtures 
and human antigens. 

By these means we have succeeded in obtaining antigen of high 
specificity and sensitivity which always produces the same type of 
reaction when tested on the same patients under similar conditions. It is 
our belief that the inactivating temperature of 60 C. recommended by 
Frei in the preparation of the antigen is too high and does not result in 
production of the best diagnostic antigen, judged by the criteria of 
specificity and sensitivity. 

The technic which we employ for the Frei test follows in general 
the directions given by Frei : 

After the forearm has been cleansed with alcohol, 0.1 cc. of the antigen is 
injected intradermally through a fine needle. This produces a small weal from 
3 to 5 mm. in diameter. On the same arm the same quantity of an emulsion of 
normal brain from healthy white mice, which has been prepared and treated in 
the same manner and is of the same age as the antigenic emulsion, is similarly 
injected as a control. (The use of an emulsion of healthy mouse brain as the 
control for the antigen prepared from infected mouse brain is absolutely necessary 
and preferable to the injection of any other control material.) The reaction is 
read after forty-eight hours and reported as doubtful, positive, strongly positive 
or negative. A doubtful reaction is not regarded as diagnostic, and the test is 
repeated. If possible, a second reading is made on all reactions after four days. 
The site of the control injection at the time of the reading of the reaction usually 
shows only the mark of the needle with sometimes a small deposit of unabsorbed 
material. The positive reaction consists of an elevated and inflamed weal measuring 
0.7 to 1 cm. in diameter. The strongly positive reaction shows a red edematous 
area measuring several centimeters in diameter and usually containing centrally 
placed small 3 "ellowish areas of necrosis. The positive reaction is discernible for 
several days and in some instances heals with distinct pigmentation at the area of 
injection. 

Histologic examination of tissue obtained from the site of a positive 
Frei reaction shows marked hyperemia with vascular dilatation and 
perivascular accumulation of lymphocytes and plasma cells but com- 
paratively few neutrophils. The epithelium shows some edema but other- 
wise not much damage. Only in very severe reactions is there necrosis 
of the epithelium and of the subepithelial structures. We have not been 
able to demonstrate inclusion bodies or bacteria in these lesions. Sezarv, 
Lev 3 "-Coblentz, Mauric and Lenegre described an identical picture and 
emphasized the close similarity to the histologic picture of the Dmelcos 
reaction for infection with Ducre 3 ds bacillus. 

The Diagnostic Value of the Frei Reaction . — The introduction of 
the specific skin test b 3 ’^ Frei in 1925 can rightly be hailed as a “milestone 
of great importance” (Stannus) in the diagnosis of venereal lympho- 
granuloma. It stimulated tremendoush' further studies of the disease. 
With the aid of this test, the etiologic relationship between venereal 
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lymphogranuloma and climatic bubo (Findlay), inflammatory stricture 
of the rectum (Frci and Koppel) and nonspecific urethritis of the 
Waelsch type (Frei, Wiese and Klcstadt) was demonstrated and the 
complete clinical entity of this virus disease ultimately established. 
Since the condition of allergy which is the cause of the positive reac- 
tion of the skin remains for many years after healing of the lesions — 
perhaps even throughout the life of the patient — a positive reaction does 
not indicate the presence of active disease and has perhaps less differen- 
tial diagnostic value than a negative reaction, which definitely excludes 
the infection, active or latent. This fact must be borne in mind, 
especially if a positive reaction is obtained in an older person. In such 
a case the possibility of a previous infection with venereal lympho- 
granuloma should always he excluded by careful consideration of the 
past history. On the other hand, some time elapses after infection before 
the specific allergic state of the host is reached : therefore the false 
negative reaction is encountered frequently, particularly in patients with 
the infection in a ver}’ acute stage and in those in whom allergic 
responses are slow. These factors explain the majority of discrepancies 
which have been reported between the clinical findings and the results 
of the Frei test (Gate and co-workers). Careful evaluation of the 
clinical history and repetition of the test after a lapse of some time will 
dear most such apparent discrepancies and considerably increa.se the 
diagnostic value of the Frei test. 

Many investigators (Frei and his school; Hellcrstrom; Hermans; 
Jersild; Lohe and Blummcrs, and others) have confirmed the specificity 
of this test in numerous cases of the disease. Frei, Wh’ese and Klcstadt 
emphasized the importance of the proper selection of the case in which to 
obtain the material from which the antigen is prepared, and his careful 
criticism of all reports in which doubt had been expressed as to the 
specificity of the reaction bearing his name brings out several important 
points, such as coexistent venereal infections and faulty preparation of 
the antigen. 

The antigen must be prepared from material obtained from a patient 
with the disease in a typical form, and its bacterial sterility should be 
tested repeatedly. Control tests should always be made in order to 
exclude false positive reactions resulting from general skin hypersensi- 
tivity. The material used for control tests must be homologous to the 
specific antigen. If emulsions of brains of infected animals are used, it 
is essential that emulsions of normal homologous brains be used for 
control injection in order to avoid false positive reactions due to the 
sensitivity of the skin to the brain substance of the animal (von Haam 
and Hartwell). 

Our results with the Frei test have been most satisfactory. Tests 
performed on over 500 patients with clinical venereal lymphogranuloma 
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and over 800 controls who did not have this disease gave 98.1 per 
cent correct results. Of the positive reactions, only 7.2 per cent 
were “weakly positive” (D'Aunoy and von Haam). After distrihut- 
ing portions of our standard mouse antigen to interested physicians 
in various parts of the country, we obtained from 90 per cent of 
these physicians reports of results in complete agreement with clinical 
findings. These results arc in accord with the observations of Flandin, 
Rabeau and Turiaf, who reported 1,170 Frei reactions on 400 patients 
with 95 per cent correct results. Smaller series published by others (Dal- 
ton; Curth; Cole; Grace and Suskind : Yander Veer and co-workers) 
gave 100 per cent correct results. An extensive review of the evidence 
for the diagnostic value of the Frei test, presenting statistics from 41 
other clinics, was reported to the American Proctologic Society by 
Bacon, of Philadelphia. Only 6 of the various contributing authors 
reported satisfactory results in less than 90 per cent of their cases, the 
most unsatisfactory results being in cases of rectal stricture. Repeated 
Frei tests in patients with venereal lymphogi'anuloma observed for two 
years demonstrate, according to Bacon, that one negative te.st should not 
be considered as sufficient evidence to exclude venereal lym])hogranuloma 
if the clinical evidence speaks for its presence. 

Simon. Braley and IMinck applied the Frei test to 50 female patients 
picked at random and obtained 12 per cent positive results; only a single 
patient showed an esthiomene-like lesion on the vulva which could be 
considered clinically as evidence of infection with the virus. Their con- 
clusion that the Frei reaction gives erroneous results in 10 per' cent 
of patients tested is sharply criticized by Sezary and Lencgre, who 
point to the possibility of latent or veiled infections, especially in females. 
Weiss and Kuntzmann reported a series of cases in which histologic 
observations bore out all positive Frei reactions. We have had similar 
experience in all cases in which patients with positive Frei reactions were 
operated on. Levaditi, Durcl and Reinic observed differences in the 
strength of antigens prepared from emulsions of brains of different 
monkeys. We have made similar observations. Tn an interesting report 
Strauss and Floward claimed that antigens prepared from brains of 
infected mice give false positive reactions some time after their prep- 
arations, as will antigens prepared from brains of normal mice. On 
the basis of 217 Frei te.sts made on persons suffering from acute 
venereal lymphogranuloma and on healthy medical students in which 
mouse brain antigens of varying age were used, von Flaam and Blart- 
well concluded that neither the specificity nor the sensitivity of such 
antigens is altered by storage in the ice box (4 C.) or at room tem- 
perature (20 C.) for as long as fourteen months. 

Sullivan and Ecker criticized the dose of antigen injected, warning 
that heavy doses may easily produce nonspecific reactions. In reply 
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Hellerstrom and Wassen stressed the fact that si)ecific reactions appear 
delayed ; i. e., they appear after forty-eight hours and remain evident 
for as long as eight to twelve days in contradistinction to nonspecific 
reactions, which appear earlier and are evanescent. 

Coutts recommended as a valuable control for the Frei test a specific 
complement fixation test for venereal lymphogranuloma; human pus or 
lymph gland emulsion is used as antigen (Coutts, Lauda Perroni and 
Martini Herrera). On the basis of 300 parallel tests Coutts and Ponce 
held that any positive Frei reaction appearing about twenty-five days 
after the onset of the infection is specific. Prats was not able to con- 
firm this conclusion. Gottlieb’s report of antigen-neutralizing bodies in 
the serum of convalescent patients has not been confirmed (Miyagawa 
and co-workers; Sullivan and Ecker), nor has the observation of Reiss 
concerning the antigenic properties of human serum obtained in the 
second or third week of the disease. 

THERAPY 

There is no better means of e.xpressing the present knowledge of the 
therapy of venereal lymphogranuloma than to quote the words with 
which the great continental expert on this disease. Sven Hellerstrom, 
introduced his answer to a questionnaire on the subject for a dermato- 
logic journal: “It is a problem which at present is far from being 
solved even in the hands of the trained specialists.” Nevertheless, 
current medical literature contains an amazing amount of material recom- 
mending treatment of the disease by widely different methods. To the 
critical reader of these reports, however, three facts are evident: 1. 
Many authors are unaware of the true character of the disease. 
2. Comparative investigation of A^arious therapeutic methods Iw the 
same author is rare. 3. In most instances the number of patients 
reported treated is small. 

On the basis of clinical and experimental observations we rightl}'^ 
assume that a passing general infection of the organism with the virus 
is frequent and leads to constitutional symptoms and under certain 
conditions produces distant lesions in the joints, skin, eyes and other 
organs (Coutts; von Haam and D’Aunoy). In a certain number of 
cases, months or 3 ’’ears after the acute s 3 ’’mptoms of the disease have 
subsided there occurs elephantiasic enlargement of parts of the external 
genitalia (labia or scrotum), sometimes with extensive ulceration, fol- 
lowed frequently, especially in the female, by inflammatory stricture 
of the rectum and severe proctitis. This is still throught bv the majority 
of authors to be a consequence of the destruction of the lymph drainage 
(Stannus) ; some, however, regard it as a manifestation of the action 
of actiA^e Aurus, Avhich still can be demonstrated in the diseased tissues 
b 3 '^ inoculation of animals (Coutts). While the disease rarel 3 ’’ leads to the 
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death of the afflicted person, it brings much discomfort. Many of its 
victims are for months or years unable to do any work; they fill the 
charity clinics and the velfare institutions. Since methods of pre- 
ventive medicine and public hygiene are still powerless to prevent this 
infection, it appears logical that every elTort should be exerted in attempt- 
ing to combat the disease successfully when once it is established. 

The therapeutic methods advocated can be divided into three general 
groups: physical, medical and surgical. Gay Prieto emphasized that 
no treatment is equally successful for all the manifestations or types 
of venereal lymphogranuloma, and Rousseau and Adamesteanu warned 
against adopting any one form of therapy. It is advantageous to dis- 
cuss separately the therapy recommended for the early and that for 
the late or secondary manifestations of venereal lymphogranuloma. 

Treatment of Acute I’cnercal Lymphocjrmniloma . — The primary 
manifestations of venereal lymphogranuloma — small herpetiform lesions, 
mild urethritis or. in rare instances, phagedenic ulcers — show a marked 
tendency to heal spontaneously and do not require special therapeutic 
measures. In most cases the lesion is so minute that it is completely 
overlooked by the patient, and no evidence of it can be found at the time 
of examination. The severe constitutional symptoms which arc usually 
present at the onset of the disease can be eft'cctively combated by such 
general therapeutic measures as rest in bed, adherence to a light diet 
and purgation. In many cases we observed a favorable action of 
salicylate, especially acetylsalicylic acid. Quinine, which had been used 
extensively before the true character of the disease was known (Lesucur- 
Florcnt), has no place in the therapy of venereal lymphogranuloma. 
Most therapeutic cil'orts have been centered on the specific regional 
lymphadenitis, which is the principal manifestation of acute venereal 
lymphogranuloma. The evaluation of methods used in the treatment of 
lymphogranulomatous adenitis is, as Stannus correctly emphasized, 
greatly handicapped by the fact that abortive forms occur with much 
more frequency than has been previously assumed. This may also be 
the reason why early treatment of the climatic ])ubo. which includes 
all the abortive forms, is more successful (Hellerstrom) than treat- 
ment after fluctuation has l)eeti observed. 

The physical methods employed in the treatment of the acute bubo 
of venereal lymphogranuloma comprise chiefly galvanic cauterization 
(von Veress) and irradiation of the bubo with ultraviolet rays, roent- 
gen rays (Nicolas and Favre; Lobe and Blummers) or radium. None 
of these methods is credited with outstanding success and should be 
applied only in combination with medical or surgical treatment. . 

The medical therapy consists of the use of drugs or biologic products, 
such as specific and nonspecific vaccines and proteins. Among the 
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drugs, the antimony preparations have been used most widely in the 
treatment of acute buljoes and have, according to some investigators, 
proved rather successful. Antimony and potassium tartrate and various 
commercial preparations (stiben}^ [sodium acelylparaaminophen- 
ylstibinate], neostibosan [the paraaminophenylstibinate of dielhylamine], 
anthiomaline [the lithium salt of stibiothiomatic acid] and fuadin 
[sodium antimony biscatecholdisulfonatc] ) are injected intramuscularly 
or intravenously, and healing, sometimes without suppuration, is reported 
to occur in from four to sixteen weeks following their use (Sezary and 
Lenegre; Sezary, Bolgert and Joseph; Nicolas. Favre, Petouraud and 
Chanial). A strong drug reaction is desirable (Sorley and Gibson), 
and nausea, muscular pains and occasionally severe albuminuria have 
been produced by rapid injection of such drugs (I\Iamou). Sezary 
and Lenegre, on the basis of their experience, doubted the therapeutic 
value of the antimony preparations. Our own experience with antimony 
and potassium tartrate confirms the opinion of the French authors to 
such an extent that we have come to use failure of this type of therapy 
as a means of differentiating the chronic lesions of venereal lympho- 
granuloma from similar lesions caused by granuloma inguinale, for 
which antimou}' and potassium tartrate is specific. The numerous other 
remedies recommended by various authors have not been investigated 
sufficient!}' to establish their therapeutic value. Iodides (Giacardy), 
methylthionine chloride (methylene blue) (Araujo), various copper salts 
(Frei and Wiese), introcid (a cerium-iodine) (Grippain), sodium 
salicylate (Chevallier and Fiehrer; Touraine and Aubrun), gold salts 
in the form of solganol (the disodium salt of 4-sulfometh)damino-2- 
auromercaptobenzene-l-sulfonic acid) (Lobe and Rosenfeld) and gly- 
cerin (Pinard and Andre) have been tried in a small number of cases 
with varying results. As the most harmless of the drugs mentioned, 
sodium salicylate has recently found wide use, especially by French 
dermatologists. It is recommended (Chevallier and Fiehrer) in oral 
doses of 6 to 8 Gm. a day. accompanied by a strict milk diet in order to 
avoid gastric complications, or in the form of intravenous injections of 
sodium salicylic gluconate. Acetylsalicylic acid given in small doses 
has with us proved an excellent agent in combating the severe con- 
stitutional symptoms usually present at the onset of the disease. 

With increasing frequency, attempts to treat venereal lymphogranu- 
loma with specific or nonspecific A'accines or proteins are reported. The 
fact that these agents are usually less harmful than the heaA'y metals 
recommends at least their trial, although the number of reported “cures” 
is at present not sufficient to warrant any conclusions. Injections of 
milk (Tissot), T. A. B. (typhoid, paratyphoid A and paratyphoid B) 
vaccine (Hanschell, Lorn and Cooke), tuberculin and pyrifer (a non- 
specific protein mixture prepared with extracts of fever-producing 
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bacteria from noiipathologic stocks) (Lobe) apparently have a ten- 
dency to hasten the maturation of the glands, -while specific vaccines 
prepared from pus or emulsions of glands from persons afflicted with 
the disease or from organs of animals experimentally inoculated with the 
virus are supposed to bring about resolution of the process without sup- 
puration. Hellerstrom, who initiated specific vaccine therapy for venereal 
lymphogranuloma, recommended slow desensitization of the allergic 
patient by small repeated intravenous injections of Frei’s antigen 
(Chevallier and Fiehrer; Ravaut, Levaditi and INIaisler), and Gay 
Prieto, as a result of his experience in 3 cases, looked on this treat- 
ment as the method of choice. lonesco-Mihaiesti, Longhin and Wisner 
observed healing of the lesions in 6 cases after one to five intravenous 
injections of from 0.2 to 0.5 cc. of antigen. Wien and Perlstein reported 
marked improvement of patients even after a single diagnostic intra- 
dermal injection. Kalz and Sagher reported that in 30 patients treated 
by intramuscular injections of convalescent serum healing of the lesions 
occurred in about six weeks, and Tamura recommended treatment of 
acute buboes with specific antilymphogranuloma goat serum — a method 
which resulted in cure in 3 cases after an average duration of the disease 
of eight weeks. 

Surgical treatment of the infection in the acute stage must still be 
regarded as the most popular method of therapy, although it has recently 
been criticized severely by those who regard venereal lymphogranuloma 
as a systemic infection. Simple aspiration of the fluctuating glandular 
masses with or without subsequent injection of an antiseptic solution, 
broad incisions with drainage, and more or less extensive extirpation 
of the enlarged glands were used long before the causal agent" of the 
disease was known. That surgical therapy still holds its place in 
the treatment of acute venereal lymphogranuloma can be seen from the 
fact that in many of the recent publications advocating diflferent methods 
of treatment reference is still made to surgical treatment as a last 
resource in dealing with obstinate lesions. Opponents of surgical inter- 
vention (Lohe ; Sezary and Lenegre) emphasized such undesirable end 
results as slow-healing wounds and, as a consequence of the destruc- 
tion of the lymph drainage, postoperative elephantiasis of the genitalia. 
Those in favor of surgical treatment (Rousseau and Adamesteanu : 
Ruge) stressed the great acceleration of complete healing (three to six 
weeks) with immediate relief of local pain as great advantages. While 
we with others (Coutts; Stannus) have shown that general infection 
occurs in the course of venereal h-niphogranuloma in a rather laro-e 
number of cases, we' have noted also that only local lesions can be 
observed in the majority of patients, owing to the rapid destruction of 
the virus in the human organism. Removal of the local lesions, therefore, 
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would remove tlic main source of possible further spread of the infec- 
tion and is a biologically correct method of treatment. This fact will 
gain in importance if it is ever proved that the virus of venereal lymph- 
ogranuloma, like other true pathogenic viruses, multiplies only intra- 
cellularly. Another possible advantage of surgical therapy was pointed 
out by Jersild, who observed that partial adenectomy or only simple 
incision of a superficial bubo results in marked improvement in the 
deeper seated lymph glands. He explained this observation, which was 
confirmed by Hellerstrom, Rousseau and others, on the basis of auto- 
vaccination with antigen through the operative wound. The necessity of 
surgical intervention in cases of secondary infection with massive sup- 
puration is generally admitted. 

In our investigation of appropriate methods of treatment, 85 patients 
in whom the disease had been diagnosed clinically and iminunologically 
were submitted to operative procedures and carefully observed as 
regards healing of the lesions and general improvement. In order to 
avoid the abortive form, Avhich will heal under any therap}', we did 
not follow Hellerstrom’s advice of early operation but treated all 
patients conservatively until the size and the consistency of the glands 
made spontaneous regression of the lesions appear improbable. 

Partial adenectomy resulted in healing of the lesions one month 
after operation in over 50 per cent of the cases. Simple incision with 
drainage delayed the healing process in the majority of cases for from 
two to four weeks. Xinetecn cases of abortive venereal lympho- 
granuloma came under ol.)scrvation during the period of study. In these 
the infection was extremely mild, Avithoiit suppuration. Disappearance 
of the glands, or spontaneous cure, was observed in the majority of 
these cases after four to six weeks — a period as long as was required 
for healing of the acute supjDurating bubo after surgical therapy. The 
average period of the disease was four and seven-tenths weeks for 
the cases in which treatment was by partial adenectomy, five weeks for 
those in which treatment was by incision and drainage and six and 
two-tenths weeks for those in which the disease was abortive, with 
spontaneous cure. Eight months after conclusion of the investigation 
none of the 85 surgically treated patients had chronic edema or 
elephantiasis of the genitalia, although in 27 per cent bilateral lesions 
were still present. These results led us to conclude that surgical interA’en- 
tion in acute venereal lymphogranuloma can be regarded as a success- 
ful method of therapy, partial adenectom)’- resulting in earlier healing 
of the suppurating bubo than simple incision and drainage. 

Treatment of Chronic Venereal Lymphogramiloma . — While thera- 
peutic management of the acute lesions of venereal lymphogranuloma can 
claim at least some degree of success, treatment of the late or chronic 
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lesions gives most unsatisfactory results. IModern concepts of the 
evolution of this infectious venereal disease, however, may explain the 
failure in the therapy of its chronic manifestations — esthioniene, or 
ulcerative elephantiasis, and inflammatory stricture of the rectum. 
Except in the rare cases in which general dissemination of the virus 
can be established, the infectious agent inhabits chiefly the lymph glands 
in the region of the primary infection and has a tendency, after destnic- 
tion of the glandular tissue, to spread locally. Through lymph stasis 
in the tissues in which the hnnph drainage has been interrupted by 
destruction of the glands, chronic edema is produced. The inflammatory 
process spreading retrograde along the lymph vessels and in adjacent 
tissues results in the production of a characteristic granulation tissue 
with numerous small abscesses and sinuses, the lesion showing a marked 
tendency toward massive hyperplastic fibrosis. The development of 
chronic manifestations depends largely on the location of the affected 
lymph glands, which correctly must be regarded as the center of the 
pathologic process. If the inguinal, presymphysial or crural lymph nodes 
are involved, the external genitalia (scrotum, penis and vulva) bear the 
brunt of the spreading infection, and elephantiasis of the affected part 
will develop. Infection of the anorectal, deep iliac and sacral glands 
causes disease of the perineum and rectum — the genitoanorectal 
syndrome, or venereal lymphogranuloma of the perineum aitd inflam- 
matory stricture of the rectum. The skin and mucous membranes 
covering the edematous tissues suffer considerably from nutritive dis- 
turbances caused by the chronic lymphedema, and this allows penetra- 
tion of secondary invaders into the subepithelial structures. Thus severe 
infections are established in already altered tissues, hastening their 
complete destruction. This secondary infection of tissues infected with 
the virus of venereal lymphogranuloma is an important complication, 
producing scA’ere ulceration in the instances of elephantiasis — described 
as esthiomene — and severe proctitis in the cases of rectal stricture. 

From this brief sketch of the development of the chronic lesions of 
venereal lymphogi'anuloma it is possible to realize how futile therapy 
^^^ll be when the process is advanced, the lesions then often representing 
merely an end result of the disease complicated by various secondary pyo- 
genic infections. The only relief the patient can expect is a temporary 
cure of the ulcers in the rectum and on the genitalia. The truth of this 
statement is well borne out by practical experience in the treatment of 
esthiomene and rectal stricture. Surgical excision of the parts suffer- 
ing from elephantiasis is the ideal wa}- of treating esthiomene. but it 
is only possible when the areas of the genitalia involved are small. 
Anti syphilitic therapy and the injection of antimony and potassium 
tartrate have met more with failure than Avith success and cannot be 
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recommended. The specific treatment with vaccines or Frei antigen has 
not been studied sulhciently to permit any conclusion, but in the few 
cases in which it has been used it has not given very encouraging results. 
There is no effective method of treatment for rectal stricture. Accord- 
ing to C. F. Martin, the disease in this stage may be described as 
incurable, tending inevitably toward a fatal termination. Resection of 
the rectum, sigmoid, perirectal tissues and perineum has brought perma- 
nent relief but is a drastic procedure (Lee and Vander Veer). Simple 
extirpation of the rectum docs not remove the princij^al site of the 
pathologic process, and therefore recurrence will be observed in a large 
number of the cases in which this treatment is tried (Gatellier and 
Weiss). Colostomy is often a necessary emcrgenc}' procedure and in 
most cases must remain permanent. It carries a mortality of about 30 
per cent. Gohrbrandt suggested sloganol (the disodium salt of 4-sul- 
fomethylamino-2-auromcrcaptobenzene-l-sulfonic acid) for the treat- 
ment of rectal stricture in the early stage, and G. M. Brown observed 
favorable results from the use of diathermy. Gay Prieto observed a 
case in which distinct improvement followed intravenous injection of 
Frei antigen. A similar observation was made by Alley, who treated 
9 patients for mild stricture of the rectum with intradermal injections 
of antigen and obtained “encouraging results.” In the Charity Hospital 
of Louisiana at New Orleans repeated dilatation of the stricture is the 
adopted procedure in all cases in which the condition is not too far 
advanced, and it has met with fair success in that it delays the more 
serious symptoms, which as a rule require colostoni}'. 

Attention should be directed most intensively toward prevention of 
this incurable form of venereal lymphogranuloma through proper 
therapeutic management of the infection in the acute stage. In the 
female this stage is frequently not discernible, owing to the deep location 
of the affected glands, which also prevents possibly effective early treat- 
ment, and this explains the greater prevalence of chronic, inoperable, 
incurable venereal lymphogranuloma in such patients. 
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Notes and News 


University News, Promotions, Resignations, Appointments, Deaths, 
Etc. — Columbia University has conferred the title of professor emeritus on Francis 
Carter Wood, director of the Crocker Institute of Cancer Research. 

Lieut. Col. A. Parker Hitchens, Medical Corps, U. S. A., has been appointed 
George S. Pepper professor of public health and preventive medicine in the 
University of Pennsylvania. 

Alexander S. Wiener, Brooklyn, has been appointed bacteriologist and serolo- 
gist in the office of the chief medical examiner of New York. 

Alexis Carrel, Karl Landsteiner, Phoebus A. T. Levene, W. J. V. Osterhout 
and Florence R. Sabin are retiring from active work in the Rockefeller Institute 
for Medical Research, according to the retirement rule. 

Frederick P. Gay, professor of bacteriologj^ Columbia University, New York, 
•and William B. Castle, associate professor of medicine. Harvard Medical School, 
Boston, have been elected members of the National Academj’- of Sciences. 

Francis Amory Prize. — In compliance with the will of the late Francis 
Amor}’-, of Beverly, Mass., the American Academy of Arts and Sciences announces 
a septennial prize for outstanding work on the alleviation or cure of diseases 
affecting the human genital organs, to be known as the Francis Amory Septennial 
Prize. The prize may be awarded to any person or group for work of “extraor- 
dinary or exceptional merit” in this field. In case there is work of a quality 

to warrant it, the first award, which will exceed §10,000, will be made in 1940. 
It may be given in one or more awards. Further information will be furnished 

•by the Amory Fund Committee, care of the American Academy of Arts and 

Sciences, 28 N'ewbury Street, Boston. 

Dazian Foundation. — The Dazian Foundation for Medical Research is pre- 
pared to award fellowships to persons holding the degree of Doctor of ^Medicine 
for the purpose of postgraduate study and research, and grants to laboratories, 
hospitals and similar institutions for research in medicine. Applications and 
inquiries should be directed to the Secretary, 180 East Sixty-Fourth Street, 
New York. 

Society News. — The Chicago Pathological Society has elected the following 
officers; S. A. Levinson, president; George Rukstinat, vice president; Edwin F. 
Hirsch, secretary, and A. A. Goldsmith, treasurer. 

Awards. — The George M. Kober medal was presented to George H. Whipple 
at the meeting of the Association of American Physicians in Atlantic City, J^Iay 3. 

James B. Herrick has been awarded the distinguished service medal of the 
American Medical Association. 

The Burdick Award for an “outstanding contribution to medical science” was 
given by the American Society of Clinical Pathologists at its recent meeting in 
St. Louis to Harry Goldblatt for his work on hypertension and the relation between 
high blood pressure and renal disease. 
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To Save Space the Oiuginae Titles of Abstracted Articles Sometimes 

Are Shortexep 


Experimental Pathology and Pathologic Physiology 

Experimental Streptococcic Endocarditis. R. A. Kinseli.a and R. 0. 

Muetiier, Arcli. Int. Med. 62:247, 1938. 

Seventeen dogs were subjected to operations wliercby tlie mitral valve or the 
chordae tendineae were cut. All these animals were then fed with living cultures 
of nonhemolytic streptococci, wliicli were eitlicr mi.xcd with their food or given 
by stomach tube. Ten of the animals became sick; cultures of their blood showed 
growth of hemolytic streptococci, and the animals died. At autopsy these infected 
dogs had bacterial endocarditis. The bacteria in the vegetations were determined 
to be identical with those which bad been fed to the animals. Streptococcic 
endocarditis can be produced in dogs with injured cardiac valves by feeding 
them streptococci. The fact is thus established that bacteria entering the animal 
body through the mouth may become implanted on an injured area within the 
body. The exact route which these bacteria follow has not been determined. 

The reproduction of streptococcic endocarditis is complete. The success of 
two different drugs in curing the disease in dogs while failing to cure the dis- 
ease in human beings does not obscure the identity of the experimental disease. 
On the other hand, the difference between the mode of production of the c.xperi- 
mental disease and the mode of production of the disease in human beings is 
emphasized. This difference lies in the fact that bacterial implantation begins 
after an injury produced by trauma in the one instance and as a result of disease 
in the other. It seems highly important to collect a series of animals cured of 
streptococcic endocarditis and then to .study the treatment after reinfection of. 
the healed scars of previous infection. This will be a tedious task. The most 
interesting by-product of the present study has been the demonstration of infec- 
tion of traumatized valves through feeding streptococci to animals. This part 
of the work, repeated in different j’ears, seems adcrjuatcly authenticated. It is 
of further interest that none of the microscopic appearances in the heart or 
elsewhere was such as to suggest a relation between the lesions observed in 
dogs and those of rheumatic fever which appear in human tissues. 

From Authors' Sum.mary. 

E.xperijiental Staphylococcus Osteomyelitis. R. H. S. Tho.mpson and R. 

J. Dubos, J. Exper. Med. 68:191, 1938. 

The results indicate that it is possible to produce consistenth' inflammation of 
the bones of rabbits merely by injecting intravenously a suitable strain of Staphy- 
lococcus, without resorting to anj' elaborate operative technic designed to localize 
the organisms in the bones. It appears also that the inflammatory process so 
produced bears a close resemblance to staphylococcic osteomj’clitis occurring in 
human beings. From Authors’ Sujimary. 

Neuron Degeneration in Vitamin Deficiency. AI. AI. AVintrobe, D. M. 

AIitcheill and L. C. Kolb, J. Exper. A'led. 68:207, 1938. 

Young pigs were given an artificial diet which was presumably adequate in 
all respects. As they developed, the quantity of yeast was gradually reduced 
while thiamin (vitamin B) and riboflavin were given in its place. The rate of 
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growth of the animals decreased, their general condition became impaired, and 
marked ataxia without motor weakness developed. Histologically the posterior 
columns of the spinal cord, the dorsal root ganglion cells and the peripheral 
nerves showed severe degeneration. Authors’ Summary. 

Functional Hyperplasia of the Parathyroids. A. B. Eisler, Brit. J. Exper. 

Path. 19:342, 1938. 

Data are presented which show that significant hyperplasia of the parathyroid 
glands occurs without concomitant renal damages in rabbits with toxic anemia. 
The cause of this hyperplasia is discussed with respect to the relation between 
calcium metabolism and detoxication. pj^o^^ Author’s Summary. 

Organ Hypertrophy in Thyroid-Fed Rats. O. L. V. S. de Wpsselow and 

W. J. Griffiths, Brit. J. Exper. Path. 19:347, 1938. 

The adrenal medulla is not concerned with hypertrophy of the heart and 
other organs of rats fed desiccated thyroid substance. The drug 2,4-dinitro- 
phenol, which increases the rate of metabolism of the tissue in general, does not 
produce hypertrophy of the organs of the rat. Since increasing the late of the 
consumption of oxygen by the tissues does not of itself result in cardiac hyper- 
trophy, the effect of thyroid on the heart cannot be ascribed to this aspect of 
its function. The increase in metabolism and the tachycardia, although they 
develop simultaneously under the action of thyroid, are unrelated. It is probable 
that the hypertrophy of the heart is secondary to the increase in the rate of con- 
traction and the extra work performed. p^oj^ Authors’ Summary. 

Pathologic Anatomy 

Infarction or the Heart. W. B. Bean, Am. Heart J. 14:684, 1937. 

This is a study of 300 necropsies which disclosed infarction of the heart, 
selected from 9,626 consecutive necropsies in the Boston City Hospital in the years 
from 1906 to 1936. Among the patients there was a predominance of males — 69.7 per 
cent. The average ages were 60.1 for males and 61.7 for females. The seventh 
decade of life showed the largest incidence of infarcts. The first attack was 
recorded at an earlier age in the case of males than in that of females. A family 
tendency toward cardiovascular disease and hypertension appeared as a con- 
tributory factor ; obesity seemed also to be contributor}', though thinness did not 
protect against infarction. Diabetes and disease of the gallbladder were factors, 
but merely by virtue of the arteriosclerosis with which they were invariably asso- 
ciated. Alcohol and tobacco did not seem etiologically important. The incidence 
of infarction was significantly low during the summer. In the presence of disease 
of the coronary arteries a surgical or medical shock acted as a precipitant of 
coronary thrombosis. Davidsohn. 

Incidence or Myocardial Infarction Without Pain in Two Hundred 

Autopsied Cases. J. A. Kennedy, Am. Heart J. 14:703, 1937. 

In 4 per cent of the cases of myocardial infarct occurring within eight weeks 
before death, carefully taken histories failed to reveal any sensation of pain in 
relation to the infarct. Among old infarcts from which the patients recovered, the 
number of painless ones was larger (about 22 per cent). Kennedy emphasizes that 
in about one third of the cases of infarct recorded the circumstances were such 
that it was impossible to elicit a history of pain and that therefore such infarcts 
must be excluded. Davidsohn. 
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Endometrium in Precnancv. A. C. Broders and J. R. McDonald, Am. J Clin 
Path. 8:547, 1938. 

During the carh' part of prcgnancj’ the endometrium usuall}- presents a picture 
more or less comparable to tiiat of the late differentiative phase of the menstrual 
cycle. This picture is less common in extrautcrinc pregnancy. The changes in 
the endometrial glands (“glands of prcgnanc 3 '’') are present in a large proportion of 
cases of early uterine pregnancy and in a small proportion of cases of extrauterine 
pregnanejL Occasionally they are seen in the agravid uterus immediately prior to 
the menstrual period. “The glands of pregnancy” have the same significance as 
decidual tissue. Decidual tissue was found in the uterus in 5 of 27 cases of extra- 
uterine pregnancy. Authors’ Summary. 


Structure of the Filu.m Ter.minale. I. if. Tarlov, Arch. Neurol. & Psvehiat. 

40:1,1938. 

The filum terminalc is a slender band connecting the last two segments of the 
spinal cord, i. e. the conus medullaris, with the coccyx. The dura follows the 
filum down to the second sacral vertebra. The intradural portion of the filum has 
a definite nerve structure, containing gray matter (small and large multipolar 
cells), a central canal and nerve fibers. The gray matter cannot be differentiated 
from the white substance, both containing numerous ependymal cells and also 
oligodendrocytes and astrocytes. In the extradural portion of the filum the microglia 
and neuroglia are replaced by Schwann and cndoncurial cells. The nerve fibers of 
the filum run within its connective tissue sheath and arc invested with endoneurial 
and Schwann cells and form bundles. In an adult film products of degeneration 
occur in the form of corpora amj-lacea, which arc rcticulin balls derived from the 
connective tissue of the filum, staining reddish with Rio Plortega’s lithium-silver 

G. B. Hassin. 


The Theca Interna Cone and Its Role in Ovulation. E. O. Strassman, 
Surg., Gjmec. & Obst. 67 : 299, 1938. 

Ovulation is a mechanical process stimulated by the endocrine glands. Its 
mechanism can be understood onl}' b^- determining how the graafian follicle reaches 
the surface of the ovarj'. A study based on more than 18,000 serial sections of 
ovaries from human and other mammals, including Carnivora (rat and dog), 
Rodentia (rabbit) and Ungulata (swine, cow, horse), has demonstrated eccentric 
growth of the theca interna of the growing follicle. This one-sided proliferation 
of the theca interna is always directed toward the surface of the ovar}^ forming a 
cone, wedge shaped on the cut surface and infiltrating and penetrating the sur- 
rounding tissues, thus making a path for the growing follicle. The maturing 
follicle ascends to the surface of the ovary bj’’ following the line of least resistance 
which is provided by the cone of the theca interna. The average distance between 
follicle and ovarian surface becomes shorter with the appearance of the thecal 
proliferation. In human and mammalian ovaries, which have much free ovarian 
surface, the axis of the thecal cone is directed toward the nearest point on the 
surface of the ovar 3 L In horses, in which the surface of the ovar 3 " is surrounded 
by connective tissue (mesovarium), the axis of the cone of the theca interna is 
directed toward the only free spot on the surface of the gland, namel 3 % ^ the 
ovulatory fossa. The wedge-shaped cone can be demonstrated onl 3 ’’ in the sections 
which run through the apex of the cone perpendicularly toward the ovarian sur- 
face. A more or less marked degree of edema is present in the surrounding tissues, 
which facilitates the mechanical progress of the ascending follicle. 

From Author’s Sumjiary (Warren C. Hunter). 
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A Histological Study of the Mummy of Har-mose. A. F. B. Shaw, J. Path. 
& Bact. 47:115, 1938. 

An account is given of the mummy of Har-mose, the lute player and singer of 
the eighteenth dynasty, who died about 1490 B. C. The organs (lung, liver, gall- 
bladder, mesentery and intestines) found in the canopic chest were in a remarkably 
good state of preservation and superior in this respect to any mummified tissues 
hitherto described from Egypt. The reasons for this were not determined. It was 
found that the supporting tissues of the organs, especially collagen, cartilage matrix, 
elastic fibers and argyrophil reticulum, were preserved almost in their original 
state. For this reason stains which differentiate these elements gave the best results. 
Although the cytoplasm of unstriped muscle, liver cells and fat cells and of the 
epithelium of the bronchi, intestines and gallbladder had survived, the nuclei had 
disappeared. There were no cells in the parenchyma of the lung or in the pleura. 
The blood vessels sometimes contained material giving the staining reactions of 
hemoglobin, but erythrocytes and leukocytes were never seen. From the distribution 
and amount of adipose tissue in the mesentery and around the gallbladder it seems 
probable that Har-mose was a fat man or at least well nourished. Pathologically 
the deceased Egyptian showed pulmonary anthracosis and emphysema, an old 
pleural adhesion, intimal thickening of the superior mesenteric artery and fatty 
involution of the pulmonary lymph nodes. The two latter lesions piay have been 
due to his age. Evidence is produced in support of the view that Har-mose prob- 
ably suffered from acute bronchopneumonia and pleurisy, which from their extent 
must have been the immediate cause of his death. 

From Author’s Summary. 

Acidophilic Cell “Inclusions” in Nerve Tissue and in Kidneys of “Normal” 

Pigeons. S. Nicolau and L. Kopciowska, Ann. Inst. Pasteur 60:308, 1938. 

Three varieties of strongly eosinophilic bodies similar to inclusion bodies have 
been found in the nerve cells of “normal” pigeons.” These bodies varied from 
minute granules to round or oval structures from 3 to 4 microns in diameter and 
occurred both singly and in groups. Irregular masses of granules were found in 
the cytoplasm of brain cells. In the nuclei of spinal ganglion cells bodies were seen 
which often showed an internal structure similar to that of Borna’s inclusions. 
Cytoplasmic inclusions with a complex internal structure were found in the spinal 
ganglions. 

Both cytoplasmic and nuclear inclusions were present in the cortex of the kidney, 
the nuclear ones being the more frequent. The bodies were rounded retractile 
structures from 1 to 5 microns in diameter. 

Some birds showed only one variety of inclusion, but in others all of these 
forms Avere seen. In some of the pigeons interstitial infiltration and periA'asculitis 
of ner\'e tissue were observed, but inclusions Avere also present in birds Avithout 
other histologic changes. 

There may be many unknoAvn viruses AA'hich do not produce clinical symptoms 
but only histologic changes and inapparent, i. e. latent, infection. 

J. B. Gunnison. 

Myocardial Changes in Diphtheria. L. Oheim, Beitr. z. path. Anat. u. z. allg. 

Path. 100:195, 1938. 

A morphologic study of the myocardium in 50 fatal cases of diphtheria in 
Avhich there Avere no complicating infections or other complicating conditions revealed 
the folloAving successiv'e changes: interstitial edema, myolysis, AA-axy degeneration, 
calcification, fatty degeneration, proliferation of fixed cells in the spaces arising 
from muscle cell degeneration, and leukocytic and lymphocytic infiltrations. Inter- 
stitial edema and initial myolysis appeared first on the second to the fourth daj" 
of the disease, Avhile the other changes reached their height of intensity from the 
seventh to the thirteenth day. Reparation b}' connective tissue proliferation had 
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commenced by the tenth day. Tlic most severe lesions were encountered in the 

subendocardial and ring muscle layers of the myocardium, especially of that of 

the right ventricle. The significance of this distribution in respect to the efficacy 

of intravenous tlierapv is discussed. t) t t 

R. J. Lehowicii. 


Sclerosis of Arterioles of the Spleen- and Kidnev in Relation to Arterial 
Hypertension. K. Scriiia, Virchows Arcii. f. path. Anat. 301:321, 1938. 

This is a contribution from Fahr’s institute on the still unsolved problem of 
the interrelationship of arteriolosclcrosis and arterial hypertension. It is based 
on histologic examination of tlic arterioles of the spleen and kidney in a series 
of 132 subjects aged from 3 months to 82 years; 56 had not had hypertension 
during life and 76 had. The presence of hypertension was determined by the 
readings of blood pressure made during life or by the observation of left ven- 
tricular hypertroplu' at necropsy. The spleen was included in the investigation 
because of its functional activity and its reaction to infection, to.xemia and other 
general conditions, factors which Scriba believed might be important in the 
development of artcriolosclerosis. In the first five decades of life arteriolo- 
sclerosis was as frequent or even more frequent in the spleen and kidney in 
nonhypertensive persons as in those with hypertension. From the fifth decade 
on sclerosis of arterioles became progressively more frequent in those who had 
had hj'pertcnsion. Scriba interprets his observations as indicating that the ctio- 
logic factors in the development of arteriolosclcrosis arc local functional reac- 
tions of the organ to mechanical or toxic factors, the constitutional element, 
various dyscrasias and age. Arterial hypertension is not the cause of artcriolo- 
sclcrosis but is at most only an accessory factor. q j Schuitz 


Origin of the Intraepithelial Hyaline Droplets of the Kidney. A. Hein, 
Virchows Arch. f. path. Anat. 301:339, 1938. 

To determine the origin and significance of the hyaline droplets of the epithe- 
lium of the main convoluted tubules of the kidney whicii are observed in asso- 
ciation with albuminuria, Hein injected solutions of proteins into the abdominal 
cavity of the salamander. Human blood scrum and its fractions and solution 
of egg white were used in varying amounts and over varying periods. Hyaline 
droplets of albuminous material appeared in the convoluted tubular epithelium. 
A prerequisite for their presence was the presence of protein in the lumen of 
the tubules, arrived there through the open nciihrons in the case of proteins with 
large molecules and through the glomeruli in the case of molecules of smaller 
size. The droplets were formed in the rcabsorption by the tubular epithelium 
of the protein from the lumen. The process was one of temporary storage of 
absorbed material. A certain amount of protein injected over a short period 
caused a more marked formation of droplets than the same quantity administered 
over a longer period of days. Albumose derived from commercial peptone also 
caused the formation of hyaline droplets. Cessation of the administration of 
proteins was followed by disappearance of the droplets. The tubular epithelium 
may utilize or break down the stored absorbed protein. O. T. Schultz. 


The Vascular Changes in Various Types of Pulmonary Tuberculosis. 

B. Neubert, Virchows Arch. f. path. Anat. 301:364, 1938. 

The types of pulmonary tuberculosis selected for investigation were the primary 
focus, caseous pneumonia, bronchogenic aspiration tuberculosis, lymphogenous 
productive tuberculosis, hematogenous spread, giving rise to miliary tuberculosis, 
and cavernous tuberculosis. The vascular reaction may be specific or nonspecific. 
In the latter, a diffuse proliferative process leads to partial or complete oblitera- 
tion of the blood vessel. In each type of tuberculosis the character of the vas- 



ABSTRACTS FROM CURRENT LITERATURE 


1089 


cular reaction was noted, whether specific or nonspecific, and the number of 
vessels in the tuberculous area and in the adjacent parenchyma revealing partial 
(one fourth) to complete obliteration was tabulated. Obliterated vessels were 
most numerous in the primary focus and least numerous in the hematogenous 
form of spread. In general, obliterated vessels were more numerous in fairly 
rapidly progressing lesions than in more slowly progressing ones, except that 
caseous pneumonia may progress so rapidly that there is not time for an oblit- 
erating reaction on the part of the vessels. Nonspecific obliteration in the 
peripheral zone of nontuberculous inflammation precedes the advancing spread 
of the parenchymatous process. The character of the parenchymatous involve- 
ment is not dependent on the vascular change, but the latter may hasten the 
progress of tissue destruction. q -p Sch^ltz 


Correlation of Fetal Body Length with the Weights of Organs. A. 

Giordano, Virchows Arch. f. path. Anat. 301:380, 1938. 

This is a correlation of body length with the weights of the heart, lungs, 
liver, spleen and kidneys, according to accepted current methods of statistical 
analysis. This conclusion is based on a study of 445 infants, dead at birth or 
shortly after birth, and varying in length from 30 to 67 cm. The females in 
the series numbered 199 and the males 246. A striking feature of this series is 
that 25 per cent of the infants had a body length of from 52 to 67 cm., indicating 
a duration of pregnancy beyond the normal limit. The high mortality in this 
group was due to intracranial hemorrhage. It suggests the advisability of ter- 
minating pregnancy at the normal term. The weights of the organs in the 
various length groups are expressed in tables and graphs. In the length groups 
40 to 47 cm. and 47 to 52 cm. the organ weights were practically the same for 
both males and females. In both males and females the rate of increase in organ 
weights was greater at body lengths of from 47 to 52 cm. than in younger fetuses 
with lesser body lengths. In the length group 52 to 67 cm., representing a pro- 
longed duration of pregnancy, organ weights increased somewhat less rapidly, 
but the organ weights of males were decidedly greater than those of females in 
this group. O. T. Schultz. 


Pathologic Chemistry and Physics 

Blood Plasma Proteins and Liver Injury. C. C. Erickson, G. P. Heckel 
and R. E. Knutti, Am. J. Path. 14:537, 1938. 

By frequent oral administration of carbon tetrachloride to dogs it has been 
possible to produce moderate cirrhotic changes in their livers. In such animals 
the plasma protein concentration falls slightly, and this fall appears to be due 
largely to loss of albumin. Continued oral administration of acacia combined with 
■carbon tetrachloride results in deposition of what appears to be acacia in hepatic 
cells, as in the case of administration of acacia alone. Other sites of deposition of 
acacia in dogs receiving carbon tetrachloride and acacia appear to be the sinu- 
soidal lining cells of the spleen and the large mononuclear phagocytic cells which 
have been found in sparse numbers in the lungs, spleen, lymph nodes and bone 
marrow. Clinically these animals remain in remarkably good condition, and, 
although the concentration of their plasma protein may be well below the edema 
level, there has been no evidence of edema. The bleeding time of such dogs is 
prolonged, and this is thought to be associated with low concentration of fibrinogen, 
although the possibility of a scanty supply of prothrombin must also be considered. 
The diminution of the concentration of plasma protein is somewhat more marked 
in animals receiving carbon tetrachloride and acacia than in those receiving either 
of these substances alone. This is particularh* true of changes in the concentra- 
tion of fibrinogen. The reactions of albumin, globulin and fibrinogen to various 
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types of hepatic injury indicate tliat these substances may be produced independ- 
ently of each other and that the liver is concerned in their production. 

From Authors’ Summary. 


pn IN Pneumococcus Exudates, W. H. Kelley, E. N. Scadron and B. M. 

Shinners, J. Exper. Med. G7:659, 1938. 

The hydrogen ion concentration in the lesions of c.xperimental pneumococcic 
infection has been estimated directly b\' determinations of pn on exudates from 
living animals. For indirect evidence of an increase in hydrogen ion concentra- 
tion within the lesions, the difTercncc in sugar content between e.xudate and blood 
from animals with pneumococcic infection has been measured. With sanguineous 
e.xudate from the consolidated lungs of dogs with c.xperimental pneumococcic pneu- 
monia, the findings were not always consistent, but usually there was citlicr direct 
or indirect evidence of increased h 3 'drogcn ion concentration. The physicochemical 
changes in c.xudate from animals treated with artificial pneumothorax showed no 
important differences from those in other specimens. In concurrence with Lord’s 
observation of increased acidit}' of pneumonic e.xudatc obtained at autopsj', sugar 
concentrations, which arc low in the blood, were markedly reduced in c.xudates 
from animals which had died of the infection. Serous c.xudates from dermal 
pneumococcic infection in rabbits uniforml}' showed definite acidity by both direct 
and indirect methods of estimation. The hydrogen ion concentration in e.xudate 
from dermal pneumococcic infection in rabbits varied between pn 6.S7 and 6.66 
but was not alwaj'S proportional to the difference in sugar concentration between 
the e.xudate and the blood. While the hj-drogen ion concentration of pneumonic 
c.xudatc from rabbits is similar to that attained in the pneumonic e.xudate from 
dogs, it is of lesser niagnitude than that which Takahashi has described in the 
pus of empyema secondary to infection with Pneumococcus. 

Fro.m Authors’ Su.mmary, 

Demonstration of Plasma Anticoagulant in Exudates of Bacterial Origin. 

E. Neter, J. Infect. Dis. 63:193, 1938. 

Exudates of bacterial origin ma.v inhibit the coagulation of human plasma. 
The purulent exudates tested comprised human spinal, empyemic and peritoneal 
fluids as well as the contents of abscesses. The micro-organisms recovered from 
such anticoagulating e.xudatcs were Streptococcus hacmolj’ticus. Streptococcus 
faecalis. Staphylococcus, Pneumococcus, Haemophilus influenzae. Bacillus coli and 
Clostridium welchii. 

Human pneumococcic c.xudates contained anticoagulant less frequentlj' than 
those in which the enterococcus was present. Exudates due to the hemoljTic 
streptococcus maj' contain cither anticoagulant or fibrinolj’sin or both — or such 
e.xudatcs may lack fibrinolytic as well as anticogulating properties. 

From Author’s Su.mmary. 

Law of Chemical Equilibrium in Biology. F. C. McLean, Physiol. Rev. 

18:495, 1938. 

So far as McLean is aware, this is the first attempt to review the contributions 
of the law of chemical equilibrium to the studj’ of biologic problems. It might be 
thought a priori that this law, being a statement of the conditions in a chemical 
system at equilibrium, might be of verj’' limited application to biologic processes. 
On the contrary, its role in the elucidation of the mechanisms of the acid-base 
balance and in the discovery of physiologically important properties of hemoglobin 
can hardly be overestimated, and it has opened the wa}'’ for equallj'’ significant 
progress in the understanding of the complexities .of intermediary metabolism. It 
should be increasingly useful as biolog 3 ' becomes more and more concerned with 
the analysis of chemical processes in the living organism. 

From Author’s Conclusion. 
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A Special Form of Erythrocyte Possessing Increased Resistance to Hypo- 
tonic Saline. A. M. Barrett, J. Path. & Bact. 46:603, 1938. 

A special morphologic type of red corpuscle is described which is constantly 
associated with the presence in the blood of an increased proportion of corpuscles 
resistant to 0.3 per cent sodium chloride solution. Evidence is given that cor- 
puscles of this type themselves possess increased resistance to hypotonic saline 
solution. In stained dry films such corpuscles have a characteristic appearance to 
which Barrett has applied the term “target corpuscle” ; in wet films, however, these 
corpuscles are bowl shaped. In a solution of formaldehyde the corpuscles assumed 
the target appearance, and it was thus possible to observe the actual shape of the 
target corpuscle. The correctness of the conclusions regarding the actual shape 
of the cells in dry and in wet films is shown by roentgen photographs of plasticine 
models. Evidence is given that in blood containing cells of this type the red 
corpuscles are abnormally thin. The relationship between the shape of erythrocytes 
and their resistance to hypotonic salt solution is discussed. 

From Author’s Summary. 

Histochemistry of the Adrenal Medulla. F. Schultz, Beitr. z. path. Anat. 
u. z. allg. Path. 101:32, 1938. 

In frozen sections of formaldehyde-fixed adrenal medulla from horses, cattle, 
goats, sheep and hogs it is possible to demonstrate, by means of a stain composed 
of thionine and tartaric acid, a metachromatic yellow-staining substance of lipoid 
character. The reaction may be an oxidation of some lipoid-like substance. The 
yellow coloration is brought out by 95 per cent alcohol and is most intense in 
adrenal medulla from horses and cattle and less marked in that from hogs, sheep 
and goats. A similar substance was shown to be present in human adrenal 
medulla by Feyrtet in 1936. !;>_ Lebowich. 

Microbiology and Parasitology 

The Incidence of Extrapulmonary Primary Tuberculosis. H. C. Sweany 
and W. L. M. Martinsen, Am. Rev. Tuberc. 37:465, 1938. 

The records of 132 autopsies were reviewed with attention being paid to cal- 
cified foci to determine the percentage of infections from each portal of entry. 
The lungs and hilar lymph nodes were involved in 73.5 per cent of isolated primary 
infections, or in 79 per cent of infections if one adds those in which there were 
multiple portals of entry. The gastrointestinal tract was the portal for 8.3 per cent 
of isolated infections and for 12.9 per cent of infections if one adds those in which 
there were multiple portals of entry. The cervical or head region was the portal 
for 1.8 per cent of isolated primary infections and for 4.5 per cent of infections 
if one adds those with multiple portals of entry. Three (2.3 per cent) of the 
primary infections were pleural infections. In three (3.3 per cent) of the cases 
“cryptic” lesions occurred in the liver or lymph nodes with no demonstrable local 
lesions. There were 3 (2.3 per cent) cases in which the portal was doubtful and 
7 (5.3 per cent) in which no calcifications were found. (In 71 cases no roentgeno- 
grams of the neck were made.) In 30.6 per cent of the cases primary hematogenous 
calcifications were observed in the liver and spleen. Corper. 


Coccidioidomycosis: The Preliminary Acute Infection with Fungus Cocci- 
DioiDES. Ernest C. Dickson, J. A. M. A. 111:1362, 1938. 

The preliminary illness caused by infection with the fungus coccidioidcs has 
been recognized. The disease is caused by inhalation of the chlamydospores, which 
are formed in the vegetative phase of growth of the fungus. It is a form of infec- 
tion of the respiratory tract, in many cases accompanied by erjdhema nodosum, 
and the great majority of patients recover promptly without complications. The 
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incidence of erythema nodosum is very higli but not constant. When this condition 
•occurs the disease is known in the San Joaquin Valley as “valley fever’’ or “desert 
fever.’’ The acute illness, whether or not there is erythema nodosum, may pro- 
gress to coccidioidal granuloma. Author’s Su.m.mauv. 


Virus of Mekingitis axd Pneumonitis. T. Francis Jr. and T. P. ifAGiLL, 
J. Exper. Med. 68:147, 1938. 

An infectious agent is described which belongs apparently to the class of 
filtrablc viruses but which on the basis of the evidence at hand is not to be iden- 
tified with any virus previously described. It has multiple tropisms and is 
pathogenic for mice, for ferrets and for monkeys of the species Macacus rhesus 
and Macacus cynomolgos. Mice and ferrets infected intranasally show extensive 
pneumonic lesions of fatal severity. Monkeys inoculated intracerebrally show 
lymphocytic cliorionieningitis, from which they recover, wljile mice similarly inocu- 
lated show rapidl}’’ fatal choriomeningitis, !^^icc which receive the virus by intra- 
peritoncal or subcutaneous routes .show fatal paralysis in a moderate proportion 
of their number, while the remainder become immune according to the intracerebral 
test but not according to the intranasal test. In mice, monkeys, ferrets, rabbits 
and guinea pigs subcutaneous inoculation causes local granulomatous induration 
of the skin with enlargement of the regional lymph nodes. In 193fi ferrets inocu- 
lated with throat washings of patients suffering from an epidemic disease clini- 
cally indistinguishable from epidemic influenza yielded the virus repeatedly. It is 
impossible, however, to draw any conclusion as to whether the virus has its origin 
in ferrets or in man. Although the new agent possesses many features in common 
with the virus of lymphocytic choriomeningitis and the virus of lymphogranuloma 
venereum, cross immunity tests have failed to yield any evidence that it is immuno- 
logicaliy related to cither of these viruses. For purposes of identification, the name 
“virus of acute mcningopneumonitis’’ is suggested. 

Fro.m Authors’ Su.mmary. 

Virus of Equine ENCEPiiAi.oMYF.r.ms. P. K. Oi.itskv and C. G. Harford, 
J. Exper. Med. 68:173, 1938. 

Young (12 to 15 day old) mice arc approximatelj' as susceptible to the virus 
of equine encephalomyelitis, Eastern or Western strain, when it is given intra- 
peritoneally as are adult mice when the virus is injected intracerebrally. With 
this susceptibility to the virus injected Iw the intraperitoneal route as a basis, 
intraperitoneal injection of immune scrum-virus mi.xtures was found to result in 
protection in dilutions which give rise to infection after intracerebral inoculation. 
The difference in protection b}' the two indicated routes was shown not to depend 
on the amount of inoculum or on the age of the mice given intracerebral injections. 
Incubation at 37 C. for two and one-half hours neither increases nor diminishes 
the protective action of immune serum when the intraperitoneal method is empl 03 'ed. 
The phenomenon of selective protection in different tissues is elicited Iw the 
serums of hyperimmunized mice, guinea pigs and rabbits and by serums derived 
from horses infected with the disease in nature or exposed to it by contact with 
infected animals. Of 4 horses recovered from the malady, all showed antibody 
in their serum ; of 9 others exposed by contact, 4 revealed antiviral bodies when 
the intraperitoneal technic was employed. These tests on horse serum have pointed 
to the potential value of this procedure for epidemiologic studies. Finalh% the 
reaction itself has significance through its bearing on the mechanism of ^mmunitJ^ 

Froji Authors’ SuiurARV. 

Small Colony Variation in B. Paratyphosis B (Tidy). A. Haddow, J. Infect. 
Dis. 63:129, 1938. 

A description is given of the spontaneous occurrence of dwarf colony variation 
in a laboratory strain of Bacillus paratyphosus B (Tidy). While the original 
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variant bore an obvious relation to the normal form of the parent culture, it 
subsequently yielded a minute colony containing gram-negative coccal forms similar 
to the G type described by Hadley for Bacterium dysenteriae Shiga and other 
bacterial species. The biologic characters of this variant are given in detail, and 
evidence is presented in support of Hadlej’’’s contention that such colonies contain 
filtrable elements. No reversion was obtained, but in the course of propagation 
over four years the G type gave rise to a number of closely related discontinuous 
variants, whose features are described. The mode of origin and the nature of 
the G type in relation to the parent organism are discussed with other cognate 

From Author’s Summary. 

Growth of Proteus. P. Fildes, Brit. J. Exper. Path. 19:239, 1938. 

Nicotinic acid is an essential accessory nutrient for 10 strains of Proteus. It 
is the only nitrogenous substance required in metabolism which cannot be synthe- 
sized from ammonia (NHn). Its function is to supply material for the synthesis 
of pyridine nucleotides. Author’s Summary. 

Dark-Ground Studies of Flagellar and Somatic Agglutin.\tion of B. 

Typhosus. A. Pijper, J. Path. & Bact. 47:1, 1938. 

An account is given of dark ground methods, with the sun being used as the 
source of light, by means of which the flagella of Bacillus typhosus and similar 
bacteria swimming in broth can be seen and photographed. B. typhosus and similar 
bacteria swim by means of a long tail. At rest, the tail unwinds itself into two 
rather broadly coiled spiral flagella, which are attached somewhere near the 
middle of the body of the bacillus and take up a position at an angle to its long 
axis. When resuming activity, the two flagella start revolving round their own 
axis, stretch, and become twisted round each other at the rear end of the bacillus, 
where they form the tail. Each flagellum consists of a number of extremely thin 
threads, as can be seen when the flagella finally disintegrate. The drying up of a 
drop of bacterial suspension, such as precedes staining, produces artefacts in the 
flagellar equipment of bacilli. In so-called H agglutination the actual process is 
merely a secondary nonspecific mechanical event. The specific phase of H agglu- 
tination is that in which the tails and flagella become covered with a granular 
deposit which finally completely covers and ensheathes them. The resulting 
thickened and stiff spiral structures cannot escape becoming entangled, and so the 
bacilli become attached to one another. This is true both for live bacilli and for 
formaldehydized suspended bacilli. In O agglutination the agglutination is the 
primary event. Here one can see that the bacilli exert mutual attraction. The 
force acts in the direction of the long axis of the bacillus which joins with its 
fellow end to end. This leads to building up of clumps which exhibit a regular 
pattern. Neither tails nor flagella take part, but their motility and appearance 
are affected. From Author’s Summary. 

Infectious Anemia of Horses. L. Balozet, Arch. Inst. Pasteur de Tunis 27 : 

189, 1938. 

The virus of infectious anemia of horses was rendered harmless by treatment 
ivith 0.1 per cent sodium ricinoleate. Inoculation of such inactivated virus did 
■not produce immunity in the single donkey treated. Small doses of virus produced 
only a- mild infection in the first donkey inoculated, but in another animal the 
injection of similar doses resulted in death. Virus mixed with hydrous wool fat 
and olive oil likewise produced a mild infection in the first animal inoculated and 
a fatal one in a second animal. Hence attempts to produce an attenuated form 
of the disease by the use of small doses or by incorporating the virus in a substance 
tending to prevent its rapid absorption were unsuccessful. 

From .\uthou’s Su.mmary. 
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Immunology 

Sensitization with Heat-Killed Tubercle Bacilli. J. Freund and E. I. 

Opie, J. Exper. Med. 68:273, 1938. 

An intracutaneous injection of a small quantity of heat-killed tubercle bacilli 
into a previously normal animal produces a nodule which persists from eight 
to twelve weeks; an injection of the same amount into a well sensitized animal 
produces a lesion which ulcerates within from one to three weeks and is com- 
pletely healed after about five weeks. Complete healing is functional evidence 
of the disappearance of the antigen. An intracutaneous injection of heat-killed 
tubercle bacilli induces more rapid sensitization than a subcutaneous or an intra- 
venous injection, but after repeated injections the difTcrcncc disappears. An 
increase in the quantities of heat-killed tubercle bacilli injected or division of 
the quantity among several simultaneous injections will accelerate sensitization. 
The rapidit}’ of antibody formation as measured by complement fi.xation \’aries 
in different rabbits under the same conditions, but complement fixation is always 
demonstrable after repeated injections of heat-killed tubercle bacilli. Antibody 
formation is more rapid and reaches higher titers with intravenous than with 
intracutaneous or with sulicutaneous injections. It is accelerated b}' division of 
the injected antigen among multiple simultaneous injections. Small quantities 
of BCG induce rapid sensitization and more abundant antibody formation, measured 
by complement fixation, than the same amounts of heat-killed tubercle bacilli, but 
with repeated injections the difference disappears. Animals that arc sensitized 
and immunized (allergic) before infection arc in most instances more resistant to 
infection than previously normal animals, but there is no correlation between the 
intensity of sensitization or the titer of antibodies, on the one hand, and the 
resistance to infection, on the other. It is probable that the skin test for sensi- 
tization and complement fixation as applied to the blood scrum measure antibodies 
or other factors determining sensitization and immunity that are in excess of 
those actively concerned in the maintenance of resistance. 

From Authors’ Summary. 

Antigenic Structure of Spermatozoa. W. Henle, G. Henle and L. A. 

Chambers, J. E.xpcr. Med. 68:335, 1938. 

Bj" means of the absorption technic as applied to homologous spermatozoal 
serums, a head-specific and a tail-specific antigen could be demonstrated. Both 
are heat labile. A heat-stable antigen was found to be common to both the head 
and the tail. This substance is species specific. Antibodies against the head- 
specific and the tail-specific antigen led to two different types of agglutination 
as shown by the slide method. Using heterologous antiserums against spermatozoa, 
three different cross-reacting antigens could be observed, two in the head and one 
in the tail. One of the head antigens is not active in the native cell; it comes 
to action only after breaking of the cell. Antibodies against this substance were 
not found in antiserums against native bull spermatozoa but were formed when 
vibrated spermatozoa or heads were injected into rabbits. The cross reactions 
can be removed from an antiserum leaving the head-specific as well as the tail- 
specific reaction intact. From Authors’ Summary. 

Inactivation of Tetanus Toxin by Crystalline Vitamin C (/-Ascorbic 

Acid). C. W. Jungeblut, J. Immunol. 33:203, 1937. 

Three preparations of vitamin C (1-ascorbic acid) — a natural cr 3 'stalline 
extract, a stable synthetic solution and a crj'stalline sjmthetic product — ^were 
capable of inactivating 2 minimal lethal doses of tetanus toxin in the test tube 
but not in vivo within the pn range of from 6.1 to 6.4 and in quantities varjdng 



ABSTRACTS FROM CURRENT LITERATURE 


1095 


from 1 to 10 mg. The inactivation was not due to the chemical reaction, and 

it differed from the toxin-antitoxin reactions, because it did not follow the laws 

of multiple proportions. t 

^ ^ I. Davidsohx. 


Experimental Hypersensitr'eness in the Rhesus AIonkey. H. W. Straus 
and A. F. Coca, J. Immunol. 33:215, 1937. 

Induced sensitivity to poison i\o" in rhesus monkeys was limited to the isolated 
portion of the skin of the arm, or to the remainder of the body’s surface after 
an encircling incision of the skin of the arm and dissection downward had inter- 
rupted the continuity of the skin. The conclusion is drawn that the sensitivity 
of contact dermatitis is developed localty in the cells of the epidermis and that 
the agents that produce hypersensitiveness spread through the oily substances of 
the skin by continuity and not through the fluids of the body. 

I. Davidsohn. 


Heterogenetic Hemagglutinins in IMan Following Therapeutic Injections 
OF Immune Serum from Rabbits. F. Schiff, J. Immunol. 33:305. 1937. 

The serums of some patients who had been given injections of antipneumococcus 
type-specific rabbit immune serums showed rises in agglutinins for the red blood 
cells of the rabbit, sheep, ox, horse and rhesus monkey. These antibodies behaved 
much as do the agglutinins that appear following injections of horse serum. The 
agglutinins for sheep red cells were more readily removed by the red cells of all 
the species, and, on the other hand, the red cells of the rabbit demonstrated the 
greatest capacity for absorbing the different hemagglutinins. The antibodies that 
develop in response to horse and rabbit serum behave differently from those that 
develop in the serums of patients with infectious mononucleosis. Schiff suggests 
the term “serum sickness antigen’’ for the common antigenic substance in the serums 
of the horse and rabbit and in the red cells of horse, rabbit, sheep and ox. It 
is heat stable ; it has an alcohol-soluble fraction, and it has a water-soluble fraction 
that can be removed from the alcohol-treated beef cells. Davidsohn. 


Aggregation of Antibody-Antigen Compounds. J. T. Duncan, Brit. J. Exper. 

Path. 19:328, 1938. 

The view that the aggregation of the immune compound is specific in character, 
as demanded by the lattice hypothesis, is supported by the results of agglutination 
reactions with immune serum, and, although the effect of a nonspecific factor in 
aggregation was never absent from the precipitation reactions, its incidence seems 
to be secondary to a specific combination, and the results of these tests may be 
accepted as not inconsistent with the lattice hypothesis. 

From Author’s Summary. 


Nature of the O Property. L. Hirszfeld and Z. Kostuch, Schweiz. Ztschr. f. 
allg. Path. u. Bakt. 1:23, 1938. 

In order to ascertain the nature of the agglutinogen in human O blood, Hirszfeld 
and Kostuch tested members of 58 families with 138 children by means of anti- 
Shiga bacillus immune goat serum and by means of normal bovine serum — serums 
both of which had the peculiarity of agglutinating by preference blood belonging 
to group O. In this study there was one family in which the parents both belonged 
to subgroup Ai and a child to subgroup A:B ; this finding was attributed by the 
writers to illegitimacjL There were no exceptions to the theorj' of the inheritance 
of the subgroups of A and AB by four allelomorphic genes, advanced by Thomsen, 
Friedenreich and Worsaae. The anti-0 serums reacted most strongly with bloods 
belonging to group O, somewhat less intensely with bloods of subgroups A: and 
AiB, more weakly with bloods of group B and subgroup Ai and not at all with 
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bloods of subgroup AiB. Hirszfeld and Kostucli believe that tbe ability of bloods 
of subgroup A 2 to react with anti-0 scrums is not due to the effect of the O gene 
in heterozygous blood of this subgroup but indicates that the agglutinogen Ar 
represents a less pronounced mutation from agglutinogen O than agglutinogen Ai. 
Agglutinogen B would hold a place somewhere between Ai and A:. 

A. S. WiExra. 


Blooii Group Properties in Sheep. • T. Andersen, Ztschr. f. Rasscnphvsiol. 10: 

88, 1938. 

On the basis of isohemolysis, Andersen was able to confirm the broad classi- 
fication of sheep blood into three groups, Ro, O anti-R and Oo. When sheep of 
any group were immunized with blood of other sheep, even those belonging to 
the same group, immune isohcnioh'sins were readily produced. These immune 
isoantibodies were qualitatively different from the natural isoantibodies, since they 
were not absorbable witli human Ai blood. By immunizing rabbits with sheep 
blood Andersen obtained group-specific hemolysins in about half the rabbits. 

A. S. Wiener. 


Tumors 

Carcinogenic Action of Methyl Derivatives of 1 : 2-Benzanthracene. M. J. 

Shear, .A.m. J. Cancer 33:499, 1938. 

Of 21 compounds subcutaneously injected into pure strain mice in tests for 
carcinogenic activity, 10 produced tumors at the sites of injection. Subcutaneous 
tumors were produced in fnicc by 5,10-dimcthyl-l,2-benzanthracenc about as rapidl}’’ 
as by cholanthrcnc, showing that the pentacjxlic system of the latter is not essential 
for high carcinogenic potencj'. The production of subcutaneous tumors by 
10-mcthyl-l,2-benzanthraccnc with the skin-painting technic was slower than the 
production of subcutaneous tumors with the injection technic. Tumors were 
produced by S,9-dimcthyl-l,2-benzanthraccnc about as rapidl}' as by cholanthrene. 
The 9-methj'l derivative was also found to be a potent carcinogen, but the latent 
period was longer than with the 5,9-dimcthyl derivative. The 4,10-acc derivative 
was found to be carcinogenic, especially in small doses which did not produce 
severe local damage of tissue. The r,2',3’,4'-tetrahydro derivative of 4,10-ace- 
1, 2-benzanthracene was also found to be carcinogenic. 20-cthylcholanthrene 
produced tumors in a high proportion of the mice but acted more slowly than 
20-methj’l-cholanthrene or cholanthrene. No tumors were produced bj' j-triphenyl- 
benzene even after twenty montlis. Author’s Summary. 

Granulosa Cell Carcinojia. E. H. Norris, Am. J. Cancer 33:538, 1938. 

The granulosa cell carcinoma may be defined as a malignant tumor of the 
ovarj" the histologic structure of which commonly and characteristically shows the 
presence of granulosa-like cells which manifest a tendency to surround more or 
less t 3 ’^pical follicles. The tumor is associated with signs and symptoms which 
maj' be ascribed to the influence of excessive amounts of estrogen. The granulosa 
cell carcinoma maj^ develop in any of the decades of life, and the principal clinical 
manifestations varj’’ with and depend almost entireh’’ on the age of the patient 
and on the epoch of the female sexual cj'cle in which the tumor develops. In 
children the granulosa cell carcinoma is a cause of precocious pubertjL In the 
older age groups the effects are chieflj’' concerned with menstrual phenomena. The 
general course of the disease is continuousb'' progressive, and in untreated patients 
it leads to death from malignant metastases. Early surgical removal of ^e 
primary tumor offers the only hope of permanent relief ; in general the operative 
procedure should be of a radical nature. The postoperaH’ve result is good, and 
if the tumor can be removed the symptoms disappear. The differential diagnosis 
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is not difficult to make on clinical grounds in children or in women past the 
menopause but may be impossible to make in women seen during the reproductive 
epoch. The histologic structure of the granulosa cell carcinoma is variable within 
wide limits; the pattern varies from typical follicle-like structures, broad epithelial 
bands and narrow cords to carcinoma-like pictures. There seems to be no 
advantage in a subdivision of granulosa cell carcinoma on the basis of the 
different histologic patterns. FaoM Author’s Summary. 

Hypophyseal Tumors Induced by Estrogenic Hormone. E. Zondek, Am. J. 

Cancer 33:555, 1938. 

Estrogen injected either parenterally or percutaneously into 2-10 infantile rats 
caused eunuchoid dwarfing of all of them. Such treatment carried on for four 
months caused pituitary enlargement in the males; in the females the gland 
remained grossly normal. After treatment had continued for eight months the 
pituitaries of 29 of 35 rats, both males and females were transformed into enormous 
hypophysial tumors. These tumors caused the death of the animals. The duration 
of treatment was of primary importance, no tumor developing in less than seven 
months ; the size of the dose of estrogen was of only secondary significance. The 
tumors could be diagnosed by typical clinical symptoms, the most characteristic 
of which was a decrease in the body temperature. This was shown not to be 
due to hypoglycemia. The enlarged pituitaries and the tumors contained the same 
amount of gonadotropic substance as the normal pituitaries of control animals. It 
was therefore not the production but the utilization of the gonadotropic hormone 
that was inhibited in the eunuchoid dwarf rats, causing a functional deficiency. 

From Author’s Summary. 

Implantation Carcinoma of the Tubal Mucosa. J. A. Sampson, Am. J. Path. 

14:385, 1938. 

The pathogenesis, structure, form and life history of carcinomatous implants 
of ovarian origin on the tubal mucosa are the same as the pathogenesis, structure^ 
form and life history of similar implants on the peritoneal serosa. 

From Author’s Summary. 

Morphological Variations of Tumor Cells. O. Saphir, Am. J. Path. 14: 

443, 1938. 

A study of miscellaneous types of carcinoma revealed morphologic variations 
among the individual tumor cells of particular neoplasms. These morphologic 
differences were not those always encountered in malignant tumors but were 
often so heterogeneous as to obscure the exact nature of the tumor. They 
were principally brought about by the presence of seemingly different types of 
tumor cells in an individual tumor. Thus, basal cells or transitional cells were 
found in squamous cell carcinoma. The presence of various types of tumor 
cells in single tumors may be due to a number of factors, ivhich are discussed. 
However, the findings presented here seem to indicate that such a tumor arises 
from an area which a priori contained the various cells of which the tumor 
consists, or derivatives of these cells. Such morphologic variations must be taken 
into consideration in the grading of a carcinoma and also in the determination of 
its sensitivity to radium. The relative resistance to radium shown by basal 
cell or transitional cell carcinoma in some cases could be ascribed to the presence 
of many squamous cells in both tumors. From Author’s Summary. 

The Genetics of Cancer in Mice. J. J. Bittner, Quart. Rev. Biol. 13:51, 1938. 

From the data tabulated during the past ten years it is evident that some 
progress has been made in comprehending some of the details of the inheritance of 
susceptibility to some forms of cancer. Not all types of tumors may be grouped 
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and studied in a single experiment; each type must be considered by itself. The 
problem is by no means solved, but a start has been made by the use of homozy- 
gous stocks of mice, and geneticists displaj' increasing interest in the problem. jMuch 
of the controversy is due to the application of genetic principles to data u-hich 
are not suitable for this t 3 ’pc of interpretation. 

Application of the findings in animal experimentation to the disease in man 
is problematic and remains for the future. The impossibility of securing human 
data comparable with those on inbred strains of animals whose matings may be 
controlled needs little comment. The reliability of a considerable proportion of 
the human data is questionable and leaves much to be desired. 

Fro.m Author’s Su.m.marv. 
o 

Visceral AIetastasis fro.m Rectal CARCI^■o^fA. C. E. Browx and S. Warrex, 
Surg., Gynec. & Obst. 66:611, 1938. 

The tendency of rectal carcinoma to metastasize via the blood stream varies in 
general with the degree of dififerentiation. As a rule, the longer the duration of 
rectal carcinoma the greater is the number of visceral metastascs. Metastasis to 
bone occurred in 5 per cent of the scries. The more the primary growth pene- 
trates the wall of the bowel, the greater arc the chances of blood-borne extensions. 
The reliability of a prognosis of visceral metastascs based on observation of local 
intravascular metastasis increases with the duration of the disease. Only 1 of the 
70 persons showing visceral metastascs failed to show local intravascular involve- 
ment, while one fourth of those whose lymph nodes were free from invasion had 
visceral deposits. Sections of the primary- growth in rectal carcinoma should be 
scrutinized carefully for invasion of capillaries or veins by tumor cells, because 
such invasion often means visceral metastascs, and its absence, provided at least 
three sections from different parts of the growth have been c.xamined, nearly 
alwa 3 's rules out visceral involvement. The cfHclenc 3 ’ of this sign — invasion of 
capillaries or veins — in predicting visceral or bone metastascs outranks that of 
neoplastic lymph nodes. pRo.^t Authors’ Suaimarv (Warre.v C. Huxter). 

# 

Ixfla.mmatiox axd Carcixocexesis. P. R. Peacock and S. Beck, Brit. J. 
Exper. Path. 19:315, 1938. 

The induction of sarcoma in the connective tissues of mice following injection 
of 3,4-benzp3Tenc in various solvents depends more on the rate of absorp- 
tion of the benzp 3 Tcnc than on the early local tissue reaction to the solvent. In 
mice in which benzp 3 'rcne is eliminated within three months tumors are rare 
(5 of 41 surviving for four months) ; in those in which elimination is dela 3 'ed 
be 3 "ond six months tumors arc common (34 of 46 surviving for four months). 
Tumors occur at points of optimal concentration of benzp 3 Tenc, which in these 
experiments were found to be a few millimeters away from the principal loci 
of benzp 3 'rene. pROir Authors’ SuMJtARY. 

Precancerous Skin Chaxges. J. W. Orr, J. Path. & Bact. 46:495, 1938. 

An investigation has been made of the changes in the skin of white mice 
treated with six carcinogenic h 3 'drocarbons, ten noncarcinogenic h 3 "drocarbons of 
related chemical structure and a group of unrelated irritants. These substances 
have been used in solution in benzene and acetone, the latter solvent being of 
greater value for the present purpose, as it is without effect on normal mouse 
skin. Early epilation is a striking feature of the action of cholanthrene, meth 3 d- 
cholanthrene, 3,4-benzp3Tene and 1,2,4,6-dibenzanthracene but not of ^ 1, 2,5,6- 
dibenzacridine and 3,4-benzphenanthrene. It occurs with some noncarcinogenic 
hydrocarbons but to a much less extent than with the four most potent carcinogens. 
After epilation by a carcinogen, the regenerated hair is abnormal. The appear- 
ance of tumors is preceded by progressive thickening and loss of elasticit 3 '’ and 
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by passive congestion of the skin. Ulceration of the surface does not bear any 
relationship to tumor formation. Histologically, the carcinogens produce squa- 
mous hyperplasia of the epidermis in the first weeks of treatment. Thereafter, 
the progressive changes are found in the deeper tissues, and the most significant 
phenomena are; (1) transformation of the collagen of the superficial, and later 
of the whole, dermis into a fine-fibered, nonrefractile type; (2) passive conges- 
tion of the subcutis; (3) alterations in the texture of the elastic tissue without 
necessarily an increase in its amount, and (4) absence of inflammatory cell 
infiltration. When tumors appear, they are frequently related to fibrous scars in 
the subcutis, to the gaps in the elastic tissue of the dermis or to both. In com- 
paring the carcinogens it was observed that the rate of progress of the changes 
cited corresponds with the rapidity with which tumors are induced. Similarly, 
mice in which tumors appear early or late are those in which these changes advance 
rapidly or slowly, respectively. When comparable changes occur with noncar- 
cinogenic applications, evidence of inflammation is usually present. It is suggested 
that the cancerization of the epithelial cells by the carcinogenic hydrocarbons is 
at any rate partly the result of the changes in the deeper tissues and that its 
mechanism may be related to the consequent interference with their nutrition. 

From Author’s Summary. 

Mesothelioma of the Pleura. L. Cornil, V. Aumbert, L. Montel and M. 

Mosinger, Bull. Assoc, franq. p. I’etude du cancer 27:51, 1938. 

The article contains a comprehensive 40 page review of the subject of primary 
tumors of the pleura. Two cases, one of primary mesothelioma, the other of 
secondary carcinoma, are reported. The secondary tumor presented diagnostic 
difficulties, as the primary tumor could not be found. The squamous cell structure 
of the growth, which covered the entire pleura, suggested that the primary tumor 
was in the periphery of the lung. The other tumor occurred in a 31 year old man 
with a serofibrinous and later a hemorrhagic pleural effusion, with fever and with 
loss of weight of eight months’ duration. Twenty-one months after the onset a 
nodule developed in the wall of the chest. It had the structure of a sarcoma. At 
necropsy the whole lung was encased in a shell from 25 to 30 mm. thick. Many 
small cysts filled with a hemorrhagic fluid and many nodules, ranging in size to 
that of a fist, were seen. The pulmonary parenchyma was not involved. Histologic 
sections showed a great variety; accumulations of epithelial-like cells, tubular 
structures lined with low cuboidal cells, some areas resembling mixed tumors of 
the salivary glands, others of a fibrous, of a fibrosarcomatous and of an angio- 
matous character, and accumulations of tumor giant cells. A detailed analysis of 
the varied histologic features of the reported cases is given, as well as a discussion 
of the hypotheses dealing with the histogenesis of the pleural lining. The his- 
tologic polymorphism of most primary tumors of the pleura is in accord with 
Maximow’s concept of the multiple potentialities of the pleural mesothelium. 

I. Davidsohn. 

Ganglion Cell Tumors of the Brain. E. Christensen, Virchows Arch. f. 

path. Anat. 300:567, 1937. 

Thirty-seven tumors of the brain containing ganglion cells are tabulated and 
briefly iigviewed. The varying nomenclature of these tumors, depending on the 
degree of differentiation, is discussed. The author describes 5 of the tumors. 
Four revealed a considerable degree of differentiation and were considered histo- 
logically benign. The fifth was believed to have arisen on the basis of congenital 
dysplasia. Most of' the tumors arose in children and young adults. In 30 per cent 
of the series the growth occurred in the floor of the third ventricle. Because of 
the histologically benign character of many of these tumors the postoperative 
prognosis should be good if such a tumor is so situated that it can be completely 
removed. O. T. Schultz. 
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Histogenesis of the Shope Inocueabi.e Rabbit Paph.loma. P. Ladfavig and 
S. Oberndorfeb, Virchows Arch. f. patli. Anat. 301:204, 1938. 

The histogenesis of tlie inoculable rabbit papilloma described by Shope in 1933 
was studied in inoculated areas of skin removed at intervals of from one to three 
hundred and thirty-four days after inoculation. On the fifth day there begin to 
appear within the epidermis small areas, termed primary centers, each composed 
of a small number of swollen, faintly stained epithelial cells. These cells are not 
capable of division. Such centers continue to increase in number from the sixth 
to the ninth day, and during this period proliferation of the malpighian layer 
becomes evident. In time the barrier between epithelium and connective tissue is 
broken down, and a “prccancerous” stage develops. The various types of epithelial 
cells composing the papilloma are derived from similar cells of the normal epi- 
dermis. The various cell inclusions observed are not characteristic of the rabbit 
papilloma but are seen in dyskeratotic lesions of the human skin. They are 
derived from substances formed within the epithelial cells. Elementari' virus 
bodies have not been seen. q j Schultz 


The Nevus Cei.l. F. Fevrter, Virchows Arch. f. path. Anat. 301:417, 1938. 

Although Soldan described the origin of cellular nevi from the terminal nerves 
of the skin in 1899, the neurogenic origin of nevi did not receive much attention 
until the much more recent work of Masson. Soldan derived the nevi from the 
connective tissue of the terminal nerves, whereas Masson derived them from the 
cells composing the sheath of Schwann and considered the nevus cell a special 
type of cell. Feyrter presents a monographic study of the nevus cell, based largely 
on the use of a metacliromatic toluidinc blue-staining method, which he has previ- 
ously described. The nevus cells contain lipoid substances of various kinds in the 
form of fine droplets, large vacuoles or cr\’stals. At the periphery of the cell the 
material may become fibrillated, the fibrils becoming continuous as prccollagen 
with the intercellular fibrils. Lamination of the cells leads to the formation of 
bodies like the Meissner tactile corpuscles described by Alasson. Feyrter claims 
to have demonstrated lipoid-containing cells in the epidermis (the intraepidermal 
pale nevus cells of Masson), at the junction of the epidermis with the cutis and 
in the cutis in the absence of nevus. It is their function to elaborate, store and 
utilize lipoids. They are part of a system which in the nerve fibers is the endo- 
neuriuni and in the skin may give rise to the isolated cells described. These cells 
■of the endoneurium Feyrter terms endothelium, and it is from them that the nevus 
cell is derived. The nevus, therefore, is a neurogenic endothelioma or neur- 
cndothelioma. q j Schultz. 


Medicolegal Pathology 

'Chemical Test of the Breath for Intoxication. R: N. Harcer, E. B. Lamb 
and H. R. Hulpieu, J. A. M. A. 110:779, 1938. . 

A reagent for alcohol in the breath consists of 55 per cent sulfuric acid con- 
taining a measured small amount of permanganate solution. The permanganate 
reacts rapidly and quantitatively with alcohol at ordinary temperatures and is not 
affected by acetone. 

The ratio of alcohol to carbon dio.xide in the breath may be used to measure 
the concentration of alcohol in the blood. The weight of the alcohol accompanying 
190 mg. of carbon dioxide in the breath is very nearly equal to the weight of the 
alcohol in 1 cc. of the subject’s blood. 

Employment of the ratio of alcohol to carbon dio.xide in the breath permits 
the test to be made without the subject’s being touched. A tube is held in the 
hreath stream, and a pump draws the sample through the apparatus. 

Tests made on 121 subjects showed a good correlation between the concentra- 
tion of alcohol in 1 cc. of the blood and the amount of alcohol accompanju'ng 
190 mg. of carbon dioxide in the breath. 
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As collected in our tests, 4 liters of expired air contained about the same 
amount of alcohol as 1 cc. of the subject’s blood. Because of possible fluctuations 
in the amount of alveolar air in such samples, it is believed that analyses of breath 
made on the volume basis should be checked by determining the carbon dioxide in 
the sample. From Authors’ Summary. 

Medicolegal Significance of Pressure on the Brain. W. Neugebauer, 
Deutsche Ztschr. f. d. ges. gerichtl. Med. 29:272, 1938. 

Pressure on the brain is an expression of imbalance between the intracranial 
space and its solid and liquid elements. The pressure may be acute or chronic, 
latent or manifest. Usually the brain with its enveloping membranes is from 
10 to 14 per cent smaller than the cranial cavity. Acute pressure is divided into 
two types : that due to edema of the brain and that due to swelling of the brain. 
The latter is difficult to recognize in children, but the brain is definitely more 
dense than when the pressure is due to edema. Acute pressure is brought about 
by trauma, including birth trauma, and by subdural and epidural hemorrhage. It 
may occur after the action of toxins ; thus it is found after burns, in gastro- 
intestinal catarrh in children, in rickets, and in uremic and diabetic coma. Exog- 
enous toxins, such as alcohol, ether and chloroform, and poisons, such as lysol 
(compound solution of cresol), may also cause it. It is frequently seen in infec- 
tions such as cerebrospinal meningitis. 

Chronic pressure is manifest in alterations of the skull, among which are deep 
furrows for the arteries and thinning of the sella turcica. The dura often is 
thickened and has coarse pacchionian granulations. The leptomeninges may be 
edematous and at times calcified. Prolonged pressure may cause synostosis of 
the sutures. The chronic alterations associated with tumors are well known. 

George J. Rukstinat. 

Injuries of the Cervical Spinal Cord in Newborn Children. F. Haus- 
brandt, Deutsche Ztschr. f. d. ges. gerichtl. Med. 29:353, 1938. 

Hausbrandt believes that at times minor alterations in the cervical portion of 
the spinal cord are regarded by pathologists as a cause of death, although, prac- 
tically, they have no significance. Not every, tear of the tentorium leads to death, 
as such tears have been encountered in children who survived such tears up to 
twenty days and then died of intercurrent infections. This is especially true of 
premature infants. When, on the other hand, the physiologic tension of the ten- 
torium is altered because of the site of tears in it, pressure on the head in the 
birth canal is applied to the medulla oblongata so that the stimulus to respiration 
is initiated. The same pressure effects may be at work where there is massive 
hemorrhage in the posterior cranial fossa. The term “aspiration of amniotic 
fluid” does not indicate either a definite process or a clearcut diagnosis. 

After a detailed technical consideration of the method to be employed in remov- 
ing the spinal cord, the author discusses the pathologic changes he has encountered. 
Hemorrhage was found in the epidural space of the cervical region in some of the 
bodies examined, but it was not a regular accompaniment of intracranial hemor- 
rhage. Usually such hemorrhages were associated with extensive injuries of the 
cervical part of the spinal cord; they occupied the upper portion and showed 
gradation from a bloody edema to massive, sleevelike hemorrhages. Subdural 
hemorrhages were less frequent and extensive than epidural ones and usually were 
continuations of infratentorial extravasations. Hemorrhages in the meninges were 
relatively rare. Injury of the cord near its junction with the medulla was seen 
very frequently in full term stillborn children and in those dying shortly after 
birth. Regions of softening and hemorrhage were found most often at the junc- 
tion of gray and white matter. The white substance was usually spared, but 
isolated or clumped hemorrhages were common in the region of the posterior 

George J. Rukstinat. 
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NEW ENGLAND PATHOLOGICAL SOCIETY 
Charles Branch, President 
Regular Meeting, Feb. 16, 1939 
Granville A. Bennett, Secretary 

Correlations Between Postmortem Teleroentgenograms of the Chest 
AND Autopsy Reports, with Special Reference to Pulmonary Ejibolism 
AND Infarction. Benjamin Castleman and (by invitation) Aubrey O. 
PI.'VMPTON. 

Accurate correlations between rocntgcncgraphic and autopsj' observations are 
usually impossible because of the pathologic changes that frequentlj' occur 
between the taking of good roentgenograms and death, the unsatisfactorj' quality 
of antemortem roentgenograms on films which of necessity are often portable 
and because of the collapsed state of the lungs post mortem. 

In order to avoid these diflicultics we arc now taking anteroposterior and 
lateral postmortem roentgenograms of the chest at a distance of 7 feet (2 meters), 
with the subject upright. At autopsy the lungs, instead of being sectioned in 
their fresh state, arc distended to approximately their inspiratory size by pouring 
solution of formaldehyde U. S. P. into the trachea. The trachea is then tied 
and the entire preparation put in solution of formaldehyde. One week later the 
the lungs arc sectioned in the presence of the roentgenologist, and an attempt is 
>made to account for every shadow on the roentgenograms. Lungs from 400 
persons have been examined in this way. , 

In 3,500 routine autopsies, 9 per cent showed embolism or infarction of the 
lung, and in 3.5 per cent embolism was the cause of death. In this series of 400 
autopsies 14 per cent showed embolism or infarction — an increase of 50 per cent. 
Molds were made of many of the_ infarcts, and none showed the traditional 
triangular shape. Frequently an infarct in the costophrcnic angle showed a 
convexity toward the hilus. Every infarct observed was peripheral, extending 
to the pleural surface of the lung. More frequently infarction occurred in areas 
where two or more pleural surfaces met. 

From this study we have been able to obtain a fairly clear picture of the 
successive pulmonarj’’ changes that develop when an embolus reaches the lung. 
During the first day the infarcted lung still contains a good deal of 'air in the 
alveoli, and there is no sharp line of demarcation between infarcted and normal 
lung, nor is there any destruction of alveolar walls. Some air-containing alveoli 
are still present on the third day, but at this time a sharp line of demarcation 
is present, and red blood cells and white blood cells are found in the pulmonary 
alveoli and in their walls. Still later, the infarcted areas become encapsulated, 
and there is almost complete necrosis of the alveolar walls. Complete healing is 
evidenced by an organized fibrous scar, which shows as a linear shadow on the 
roentgenogram. Pathologists have been too lax in searching for or recognizing 
these healed infarcts, probably because the infarcts are difficult to find when 
the lungs are deflated. . 

One of the most important aspects of this work is the development of the 
concept of incomplete infarction. The term “incomplete infarction” is used to 
indicate an infarct in which the alveoli are partially filled with air, edema fluid, 
red cells and a few leukocj’^tes but in which there is no destruction of the alveolar 
wall. These lesions do not organize like true infarcts but resolve in a few days. 
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They are seen most commonly in postpartum or postoperative patients. Tempo- 
rarily, however, the roentgenologic and even the gross postmortem appearances 
may be indistinguishable from true early infarction. This condition occurs in a 
previously normal lung (if it took place in a congested lung, a true infarct would 
develop) and corresponds to the experimental lesions produced in normal dogs 
by such workers as Cohnheim, Litten and Karsner. These investigators con- 
sidered such lesions as negative results, since there was no destruction of the 
alveolar wall. Clinical application of these negative results has not been made 
previously. 

Chroi^ic Benzene Poisoning. Francis T. Hunter (by invitation). 

The report concerns clinical and hematologic studies made on 80 workers 
exposed to fumes of benzene, including 8 with clinical poisoning. Only 30 per 
cent of the 80 workers were thought to show no effects of the solvent. In the 
whole group, however, polycythemia occurred in 17.5 per cent and anemia in 
29 per cent. In 12 workers (15 per cent) unexplained leukocytosis was present 
without other changes in the blood. A single patient had leukopenia without other 
changes. 

The descending order of frequency of variations from the normal peripheral 
blood picture was leukocytosis, 34 per cent; decrease in the percentage of poly- 
morphonuclears, 31 per cent; anemia, 29 per cent; presence of young polymorpho- 
nuclears with or without marrow cells, 28 per cent; absolute decrease in the 
number of polymorphonuclears, 26 per cent; eosinophilia, 25 per cent; polycy- 
themia, 17.5 per cent; absolute increase in the number of polymorphonuclears, 
17.5 per cent; leukopenia, 15 per cent; increased percentage of polymorphonuclears 
5 per cent. 

It is concluded that leukopenia is a poor index as to the effect of benzene on 
the marrow. In 10 of 12 instances in this series, when leukopenia was noted 
anemia was already present. Leukocytosis, a decreased percentage of polymorpho- 
nuclears, the presence of young polymorphonuclears or marrow cells, or eosino- 
philia is observable prior to the establishment of anemia. In some cases 
polycythemia may be the earliest detectable finding. 

In 3 fatal cases the symptoms of poisoning appeared months after removal 
from exposure and seemed to be precipitated by the onset of an otherwise benign 
infection. This suggests that the mildly poisoned marrow may be adequate for 
normal demands but becomes decompensated under the added burden of infection. 

Histologic Studies of Chronic Benzene Poisoning. E. A. Gall and Tracy 

B. Mallory. 

Histologic material from 14 persons with chronic benzene poisoning has been 
studied. Twelve of these persons were given complete autopsies, and 2, sternal 
biopsies. 

The literature conveys the impression that benzene characteristically produces 
aplasia of the bone marrow, and when any attention has been directed to the 
extramedullary viscera the comments have implied that changes in these organs 
are unusual and adventitious. 

Of the 12 persons examined post mortem, all showed evidence of primary 
benzene effects on the bone marrow, spleen, liver and lymph nodes. Bone marrow 
was hypoplastic in only 5, and in none was there total aplasia. Early changes 
consisted in marked increase of phagocytic activity, hemosiderosis and progressive 
fibrosis. Following a transitory increase in marrow fat, hemopoietic regeneration, 
almost wholly erythrogenic, developed. At first the regenerated cells were pre- 
dominantly normoblasts, but later large numbers of “megaloblasts” and 
megakarocyte-like cells appeared. These were associated with numerous mitotic 
figures. 

The splenic and lymph node response likewise showed increased phagocytic 
activity and progressive fibrosis. Lymphoid elements were at first diminished, 
but they rapidly regenerated. Such regeneration was bizarre, however, and was 
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accompanied occasionally in the lymph nodes and frequently in the spleen by well 
defined hemopoiesis. With increasing chronicity there eventually appeared primi- 
tive red cells and multinucleated giant cells in such enormous numbers as to 
obscure the normal architecture. 

Changes in the liver consisted onl}' in marked phagocytic activity and rela- 
tively minimal megaloblastic and megakarocytic hemopoiesis. 

The intense ccllularity noted in late stages of this process as observed in bone 
marrow, spleen and lymph nodes, associated with rapidity of growth, immaturity 
of component cells, fibrosis and multinucleated giant cells simulating megakaro- 
cytes, produced a superficial similarity to Hodgkin’s sarcoma. No evidence of 
metastatic propensity or of involvement of organs not related to the reticuloendo- 
thelial system was, however, observed. 



Book Reviews 


Animal Pathology. Russell A. Runnells, D.V.M., l^LS.. Associate Professor of 
Veterinar 3 - Patholog 3 -, Iowa State College. Price. S6. Pp. 464, with 127 illus- 
trations. Ames, Iowa: Collegiate Press, Inc., 1938. 

This is a textbook for elementary- courses in pathology given in veterinary 
schools, usually in the second year of the curriculum. It is intended to ser^-e 
as an introduction to the study of clinical veterinary medicine. Consequently it 
deals with animal pathology in its relations to current veterinary practice. It 
does not aim at comprehensive consideration of animal pathology in general. It 
is divided into three parts. The first part gives in condensed form a good sum- 
mary of general pathology, that is “the general pathologic conditions which may 
occur in more than one tissue or organ.” The second part deals with systemic 
pathology and the third with the special pathology' of the various infectious dis- 
eases. These two parts are the author’s book “A Guide to the Study of Special 
Veterinary Pathology” in revised and enlarged form. The illustrations are almost 
without exception instructive if not always artistic ; many are taken from tlie 
Journal of the American V ctcrinary Medical Association. At the end of each 
chapter is a short list of appropriate references. The book will seiwe usefully as 
an introductory- guide to the study of veterinary medicine. 

Surgical Pathology. William Boyd, I^I.D., LL.D., M.R.C.P. (Edinburgh), 
F.R.C.P. (London), Dipl. Psych., F.R.C.S., Professor or Pathology, Uni- 
versity of Toronto. Fourth edition, revised. Price, SlO. Pp. 886, with 491 
illustrations. Philadelphia and London: W. B. Saunders Company, 1938. 

Inguinal lymphogranuloma, grading of carcinoma, glomangioma, parathyroid 
tumor, autoly-tic peritonitis, arrhenoblastoma, certain ovarian tumors, regional 
ileitis and other new topics receive brief consideration, but nothing is said about 
the “surgical pathology” of the larynx, lungs, pericardium and heart. Certainly 
the advances and activities in the field of thoracic surgery should be reflected in 
a book on “surgical pathology.” New material has been introduced in the chapters 
on cancer, thrombosis, gastric ulcer, puerperal sepsis and appendicitis. The chapter 
on the surgeon and the laboratory- is long out of date. 

Etudes sur la rage. P. Remlinger, directeur de I’lnstitut Pasteur de Tanger, 
and J. Bailly, chef de service a I’lnstitut Pasteur de Tanger. Price. 40 francs. 
Pp. 174. Paris: Masson & Cie, 1938. 

P. Remlinger was director of the Institut antirabique de' Constantinople from 
1903 to 1910. In an appendix are listed the papers published by him on rabies 
during that period. Several years later he became director of the Pasteur Institute 
of Tangiers, klorocco, S. Africa, and from 1917 to 1937. inclusive, he published 
as a single or as a joint author 201 papers on the results of scientific studies of 
rabies. The papers are listed in chronologic order. The book gives concise 
summaries of these contributions from the Tangiers period, which concern many- 
various phases of rabies in man and animals. The book will interest especially- 
the scientific student of rabies. 
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Tropanol et pseudotropanol. Action's piivsiorogiques comparers. Rene 
Hazard, Professcur a la Facultc de Medccinc dc Paris. Paper. Pp. 88, witli 
24 illustrations. Price 25 francs. Paris: Masson & Cie, 1939. 

La mort des brui.es. Etude experimen'tale. Louis Christophe, Charge de 
cours a rUniversite dc Liege. Preface by Professeur Leon Binet. Paper. Pp. 
84, with 19 illustrations. Price, 40 francs. Paris: i^fasson & Cie, 1939. 

Cl.IN'IQUE ET PATIIOLOr.n- COMPARERS: VeN EURORCOIR, CAN'CEROLOGIR, DERMA- 
TOSES, MEDECIN'E GEN'ERAEE, I’ll VTOP.VTHOI.OGIE. Louis Bor>', Chcf dc clilliqUC 3 
I’Hopital Saint-Louis. Preface by Professcur I\I. Ficssinger, Paper. Pp. 240. 
Price SO francs. Paris: Masson & Cie, 1939. 

The Fifty-Fourth Annual Medical Report of the Trudeau Sanatorium 
AND THE Thirty-Fourth Medical Supplement for the Year Ending Sep- 
tember 30, 1938, Together with the Twenty-Second Collection of the 
Studies of the Edward L. Trudeau Foundation for Rese.\rcii and Teaching 
IN Tuberculosis, 1938. 

The Saranac Laboratory for the Study of Tuberculosis of the Edward 
L. Trudeau Foundation: Report of the Director and Financial Report for 
the Year Ending September 30, 1938. Reprints of Scientific Papers. 
Saranac Lake, N. Y. : The Saranac Lake Academy of Medicine, 1938. 

Intracranial Tumors of Infancy and Childhood. Percival Baile}', Douglas 
N. Buchanan and Paul C. Bucy, University of Chicago Clinics. Cloth. Pp. 598, 
with 113 illustrations. Price 85. Chicago: University of Chicago Press, 1939. 

Classified and Annotated Bibliography of Sir William Osler’s Publi- 
cations (Based on the Chronological Bibliography of Minnie Wright 
Blogg). Edited by Maude E. Abbott, B.A., M.D., L.L.D. (McGill). Second 
edition, revised and indexed. Pp. 163. Price $2.25. Montreal: 1939. 

Reprinted with additions from the Sir William Osier Memorial Volume^of tjie 
International Association of Medical Museums (Bulletin IX, 1926, pp. 437-60a). 
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Abdomen: See also Gastrointestinal Tract; 
Peritoneum ; etc. 

botryomycosis ; report of 2 eases of intra- 
abdominal granuloma, *313 
disturbances of blood and lymph circulation 
in, 934 

Abnormalities and Deformities ; See under 
names of organs and regions, as Aortic 
Talve ; Heart, abnormalities ; etc. 

Abscess : See under names of organs and re- 
gions, as Lungs; etc. 

Acacia, blood plasma proteins and liver injury, 
10S9 


Acid, Ascorbic : See Titamins, C 
base-protein-acld compounds prepared from 
fibrin, *811 

Cevitamic: See Vitamins, C 
fatty; observations on lesions produced In 
arteries of dogs by injection of lipids ; 
lipids injected : human fat, fatty acids, 
soaps and cholesterol, *1011 
Acromegaly, normal, acromegalic and liyper- 
plastic nephritic human nephron ; further 
consideration of plastic reconstructions of 
Louis A. Turley, *G91 

Adenocarcinoma of jejunum treated by entero- 
enterostomy and complicated by Intussus- 
ception, 650 

of large intestine in presumably dizygotic 
twin brothers, *133 

primary, of jejunum with perforation, 395 
Adenoma, basophil adenoma of pars intermedia 
of hypophysis, 942 

bilateral tubular testicular adenoma associ- 
ated with Intersexuality, 190 
chronic hypoglycemia ; report of 2 cases with 
islet adenoma and changes in hypopliysis, 
*994 


uterine, in rabbit, 387 

Adenosarcoma, role of neural crests in embry- 
onal adenosarcomas of kidney. 384 
Adrenals, accessory adrenal cortical tissue, 
*955 

histochemistry of adrenal medulla, 1091 
organ hypertrophy in thyroid-fed rats. 108.5 
ponceau-fuchsin stain for androgenic adrenal 
cortlc.!! cells, *1030 
Aedcs : See Encephalomyelitis, equine 
Age, epitheli.al changes in female breast in 
relation to age and cancer, 640 
phagocytosis of trypan blue in rats of dif- 
ferent age groups, *212 
Agglutination, aggregation of antibody-antigen 
compounds, 1095 
autoagglutinafion, 187 

dark ground .studies of flagellar and somatic 
agglutination of B. typhosus. 1093 
distribution of blood group f.actors in tissues. 


elimination of B agglutinogen in saliva. _941 
elimination of blood groun substances. 187 
Hemagglutination; See also Blood, grouns 
hemagglutin.ation in owls (Strigidae), 187 
tests in study of tumor immunity, natural 
and acquired. 189 


Agglutinins : See also Antigens and Antibodies ; 
Bacteria, abortus and melitense group ; 
Blood, groups ; Immunity ; XJndulant Fever ; 
etc. 

heterogenetic hemagglutinins in man follow- 
ing therapeutic injections ot immune serum 
from rabbits, 1095 
purified hemagglutinins, 187 
Agglutinogens : See Blood, groups 
Air Passages : See Respiratory Tract 
Alcoholism ; See also Liver, cirrhosis 

chemical test of breath for intoxication, 1100 
diagnosis and medicolegal implications of 
alcoholic intoxication, 944 
progressive alcoholic cirrhosis ; clinical and 
pathologic study of 68 cases, *672 
Alimentary Tract : See Digestive Tract 
Allen; A. C. : Mechanism of localization of 
vegetations of bacterial endocarditis, *399 
Xature of vegetations of bacterial endocardi- 
tis, *661 

Allergy : See Anaphylaxis and Allergy 
Amebiasis, incidence of amebiasis, typhoid .and 
dysentery in Chicago hospital, 193 
Amniotic Fluid, aspiration of amniotic liquor, 
944 

Amyloid Substance, genesis of corpora amyl- 
acea of central nervous system, 783 
Amyloidosis, primary systemic amyloidosis ; in- 
volvement of cardiac valves, joints and 
bones, with pathologic fracture of femur, 
*267 

solit.ary amyloid tumor of parietal bone, 389 
Anaphylaxis and Allergy : See also under Tu- 
berculosis ; etc. 

allergic hyperergic inflammation evoked by 
autoserum, 935 

experimental allergic hyperergic arteritis, 625 
experimental hypersensitivencss in rhesus 
monkey, 1095 

fibrinoid degeneration of connective tissue 
following single injection of protein, 372 
heterogenetic hemagglutinins in man following 
therapeutic injections of immune serum 
from rabbits, 1095 

influence of nenous system on hyperergic 
inflammation. 176 

narcosis and hyperergic inflammation. 369 
relation of vegetative and peripheral nervous 
system to hyperergic inflamm.ation, 177 
sensitization, antibody formation and lesions 
produced by tubercle bacilli in albino rat, 
*289 

Shwartzman phenomenon, 942 
.\nastomosis : See under Arteries 
Anderson, W. A. D. ; Hyperparathyroidism and 
renal disease, *753 

Anemia, aplastic, with reference to significance 
of small l.vmphocytes, *1 
effect of x-radiation on blood and l.vmphoid 
tissue of tumor-bearing animals, 387 
functional hyperplasia of parathyroids, 1085 
infectious, of horses, 1093 
AneMhesia. narcosis and hyperergic inflamma- 
tion. 369 

.\neurvsm, cerebral ; relation of anomalies of 
circle of Willis to aneurysm of base of 
brain, 936 

Anthracosis : Sec Pneumoconiosis 
Anthrax, use of immune serum in treatment in 
Bulgaria, 635 
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Antibodies ; See Antigens iintl Antibodies 
Antigens nnd Antibodies: See also Agglutinlii.s ; 
Immunity: Lipoids; nnd under specific anti- 
gens nnd reactions, ns Bacteria, abortus 
and nielltcnse group ; Dlplitliorln ; Pneumo- 
cocci ; Typhoid ; etc. 

antigenic structure of spermatozoa, lOill 
distribution of blood group factors In tissues, 
788 

histology of cutaneous reaction to Brucella 
melltensis antigen, *.‘107 
In vitro nnd In vivo action of chronic Inflam- 
matory tissue on certain antigens nnd anti- 
bodies, 802 

Increase of antigenic property of serum by 
ultraviolet Irradiation, 031 
reactions of antl-nzoprotelns scrum, .'{70 
sensitization, antibody formation nnd lesions 
produced by tubercle bacilli in nliiino rat. 
*280 

Antiserum: See under Tuberculosis; etc. 
Antitoxin ; See under Tetanus ; etc. 

Anuria : See Brine, retention 
Aorta, coarctation of adult type, associated 
with cystic dcgencrntlon of media In first 
portion of arch, *7-12 

medial degeneration In nonruptured aorta 
appearing .syphilitic macroscoplcally, •;t20 
Aortic Valve, calcified nodular deformity of, 
177 

Apoplexy ; Sec Brain, bemorrlinge 
Apparatus, improved air driven type of ultra- 
ccntrlfuge for molecular sedimentation. 370 
inexpensive cmlieddlng oven for use In routine 
worlc on tissues, *580 
Appendicitis ; See also Ai)pcndlx 
chronic, changes In musculature of appendix 
in, •n-in 

Appendix, appendicitis ; clianges In muscidature 
of appendix In chronic appendicitis, '.HO 
diverticula of vermiform appendix as.snciated 
with overgrowtli of nerve tissue and partial 
mucocele, *730 

results from study of cells of appendix of 
rabbit. *8fil 

results from study of cells of human appen- 
dix, *870 

Argcntaflln Cells ; See under Intestines 
Ariel, I. M. : Argentaffin (carcinoid) tumors of 
small Intestine; report of 11 ca.scs and 
review of literature, *25 
Arms : Sec also Forearm 
glomus tumor of, 9-lG 

Aronstein, C. G. : Ball thronilms of heart : re- 
port of case with review of literature, *907 
Arsenic nnd Arsenic Compounds, i)nlhologlc 
clianges in rats nnd in dogs fed diets con- 
taining lead nnd arsenic compounds : com- 
pounds used: lead arsenate, arsenic trlox- 
Ide, calcium arsenate nnd lend acetate, *433 
Arteries : See also Aneurysm ; Aorta : Arterio- 
sclerosis ; Blood pressure ; Blood vessels : 
Embolism ; rerlartcrltls : Thromliosls : etc. 
inflammation : experimental allergic liypererglc 
arteritis, G25 

injection plus dissection study of eoronnr 3 ’ 
arter.v occlusions and anastomoses. 177 
pulmonary; pulmonary scliistosomlasis. 786 
Arteriosclerosis, effect of thyroid feeding on 
removal of cholesterol, *888 
observations on lesions produced In arteries 
of dogs by injection of lipids; lipids in- 
jected: human fat, fatty acids, soaps and 
cholesterol, *1011 

scloros's of arterioles of spleen and kidney 
in relation to arterial hypertension, 1088 
Arteritis : See Arteries, inflammation 
Asbestosls : See Pneumoconiosis 
Aschoff Body : See Rheumatic Fever 


A.strocytoma, cllnicopathologic study of, 637 
so-called, of cerebellum. 610 
Atherosclerosis : .See Arteriosclerosis 
Atrophy; See under names of organs and re- 
gions 

Aiitop.sles, tuborciiloiis infection from talcum 
used to dry gloves used for necropsies, 939 
Avitaminosis : .See under Vitamins 
Azoprolein : See under Protein 

BCG: Sec under Tuberculosis 
Bacilli : See Bacteria 

Bacteria : Sec also under Meningococci ; Pneu- 
mococci ; Streptococci; Tubercle Bacilli; 
Typhoid ; Viruses ; etc. 

Abortus nnd .Mclltejisc Group; Sec also Un- 
dulant Fever 

abortus and mclltcnsc group; Brucella pre- 
cipitin systems, 910 

abortus nnd mclltensc group ; histology of 
cutaneous reaction to Brucella melltensis 
antigen, *.307 

Bordei-Gcngou's ; See Whooiilng Gough 
Gloslrldlum; Sec also Botulism 
elosirldlum; toxin production by Xiacillus hls- 
tolyllciis, 911 

coccobacllll ; coryza of domestic fowl, 632 
Gorynebnctcrla ; Sec under Dlplitherla; etc. 
Dlplithcrla : Sec under Biplitherln 
Dbdcrleln’s ; Sec under Vagina 
Dj'scntcr.v : See D.vscntcry 
Fu.slfomil.s : Sec Spirochetosis 
Homoi)ldIus : Sec also Whooping Cough 
hemoplillus ; cor.vza of domestic fowl, 632 
Intluenzn : Sec Inllticnza 
Pnrntypliosis ; Sec Salmonella parnt.vpliosus 
Pertussis ; Sec Whooping Cough 
prolcus, growth of, 1093 
Shiga's; See By.scntery 
Typhoid Group: Sec under Ti'phold 
Bactericides : Sec Germicides 
Bactcrloplmge, concentration nnd purification of, 
185 

typc-spccIflc bneterlophages for Corynebnctc- 
rlum dlplithcrlac, 632 
Bacterium : .See Bacteria 
Bn.sophlllsm : See under Pituitary Body 
Bnsnpliils: Sec Pituitary Body 
Bauer, .1. T. : Osseous clianges in man following 
prolonged Ingestion of fluorides ; report of 
case, 612 

Benjamin, If. G. : Primary fibrom.v.xomn of 
heart, 950 

Benzanthracene, carcinogenic action of methyl 
derivatives of 1,2-benznnthrnccne. 1096 
cfl'ect of 1,2.5,6-dlbenzanthracene on growth 
of Brown-Pcarcc rabbit carcinoma, 789 
Benzene, chronic poisoning. 1103 

histologic studies of chronic poisoning. 1103 
Benzpyrene, agent and soil in experimental car- 
cinogenesis, 3S‘l 

Inllammatlon and carcinogenesis, 1098 
Berncr-Durct’s Lesion : See Brain, licmorrhage 
Bcrnheim, A. 1. : Acute postoperative entero- 
colitis; study on pathologic nature of shock, 
♦966 

Biller, S. B. : llcmoblastlc sarcoma (primitive 
red ceil type) following polj-cythcmia vera, 
*902 

Blologj’, law of chemical eoullibrium In, 1090 
Birth Injuries ; See Infants, newborn 
Bites, identification of persons by tiieir bites, 
794 

Black, W. C. : Histology of cutaneous reaction 
to Brucella melltensis antigen, *307 
Blackhead of turkeys, *914 

Bladder, malacoplakia of urinary bladder, 393 
Blahd. 31. : Experimental endocarditis in dogs, 
*424 
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Blood; See also Erythrocytes; Leukocytes; etc. 
base-protein-acid compounds prepared from 
fibrin, *811 

coagulation ; bleeding tendency and prothrom- 
bin deficiency, 368 

coagulation ; demonstration of plasma anti- 
coagulant in exudates of bacterial origin, 
1090 

coagulation ; Weltmann serum coagulation re- 
action, 191 

comparison of interchange of body fluids after 
intravenous injections of crystalloids, gum 
acacia and blood serum, 629 
Diseases : See Anemia ; Leukemia ; etc. 
disturbances of blood and lymph circulation 
in abdomen, 934 

enzymes and fermentation tests, 938 
Groups : See also Agglutination ; Blood, trans- 
fusion 

groups ; agglutinogen B in anthropoid and 
lower apes and in other mammals, 188 
groups ; agglutinogens resembling IM and N 
factors in monkeys, 941 
groups; blood group properties in sheep, 1096 
groups ; blood-grouping and compatibility, 378 
groups, distribution in Finns, 382 
groups ; elimination of group specific sub- 
• ' stances, 382 

groups in nomads of Asia Minor, 636 
groups; investigations on M-N, Ai-Ae and 
0-A-B blood groups in Finland, 188 
groups; isoagglutinin anti-M, 382 
groups : nature of 0 property, 1095 
groups; preparation of M and N testing fluids, 
391 

groups ; production of anti-N immune serums 
in rats, 788 

groups ; recognition of subgroup As as means 
of avoiding blood transfusion reactions, 802 
groups; serologic differentiation of homo- 
zygotes and heterozygotes in groups A and 
B, 788 

presmire, high ; experimental hypertension, 

pressure, high; hypertension in patient with 
solitary Ischemic kidney, 180 
pressure, high; hypertonic apoplectic cerebral 
hemorrhage, 372 

pressure, high ; sclerosis of arterioles of spleen 
and kidney in relation to arterial hyper- 
tension, 1088 

proteins and liver Injury, 1089 
proteins ; immunologic behavior of serum 
globulin, 788 

relation of colloidal structure to action of 
complement and to paroxysmal hemoglobi- 
nuria, 381 

sugar ; chronic hypoglycemia ; report of 2 
cases with islet adenoma and changes in 
hypophysis, *994 

transfusion ; recognition of subgroup As as 
means of avoiding blood transfusion reac- 
tions, 802 

transfusion ; reduction of intracranial pres- 
sure by concentrated solutions of human 
lyophlle serum, 175 

transfusion, renal insufficiency from, 367 
transfusion syphilis, 192 

' essels : See also Arteries ; Periarteritis ; 
Veins; etc. 

Vessels ; spontaneous cardiovascular disease in 
rat. 179 

vessels ; vascular changes in various types of 
-„puln'onary tuberculosis, 1088 
' itnmins : See Vitamins 

Blumenthal, H. T. : Effects of organisinal dif- 
ferentials on distribution of leukocytes in 
circulating blood, *510 
Body FUiids: See Fluids 
Bones : Sec also under names of bones 
and cartilage lesions of protracted moderate 
scurvy, 370 

hone metastascs of transplantable tumors, 190 
composition in chronic fluoride poisoning, 628 
Diseases ; See Osteomyelitis ; etc. 


Bones — Continued 

fibi'osarcoma of soft tissue with regional con- 
centric absorption of bone not due to tumor, 
949 

giant cell tumor of bone, 638 
inguinal granuloma with visceral and osseous 
lesions, 393 

marrow ; formation of Bussell bodies in plas- 
macytic multiple myeloma, 793 
marrow; growth of human bone marrow in 
tissue culture, 625 

marrow ; peripheral blood phenomena and dif- 
ferential response of bone marrow and 
lymph nodes to hyperpyrexia, 368 
osseous changes in man following prolonged 
ingestion of fluorides ; report of case, 642 
osseous findings in chronic renal insufficiency 
in adults, 798 

primary systemic amyloidosis ; involvement of 
cardiac valves, joints and bones, with patho- 
logic fracture of femur, *267 
spontaneous tumors of mice, 385 

Book Reviews: 

American Illustrated Medical Dictionary : 
Complete Dictionary of Terms Used in Medi- 
cine, Surgery, Dentistry, Pharmacy, Chem- 
istry, Nursing, Veterinary Science, Biology, 
Medical Biography, Etc., ivith Pronuncia- 
tion, Derivation and Definition ; W. A. N. 
Borland, 199 

Animal Pathology ; B. A. Bunnells, 1105 
Cancer : Its Diagnosis and Treatment ; Jf. 
Cutler and F. Buschke, assisted by S. T. 
Cantril, 808 

Chemistry of Antigens and Antibodies ; J. B. 
Marrack, 953 

Classic Descriptions of Disease with Bio- 
graphical Sketches of Authors ; B. M. Major, 
809 

Critical Investigation of Blood Groups and 
Their Medico-Legal Application; D. Matta, 
659 

Enzyme Chemistry ; H. Tauber, 198 
Etudes sur la rage; P. Bemlinger and J. 
Bailly, 1105 

Harvey Lectures Delivered Under Auspices of 
Harvey Society of New York, 1937-1938, 638 
Human Pathology; H. T. Karsner, 659 
Laboratory Manual of Hematologic Technic ; 
B. C. Beck, with foreword by F. W. Konzel- 
mann, 809 

Manual of Veterinary' Bacteriology'; B. A. 
Kelser, 951 

Meningo-neurobrucelloses ; H. Roger and Y. 
Poursines, 952 

Parasitology, with Special Reference to Man 
and Domesticated Animals; R. Hegner and 
others, 808 

Patiiological Technique : Practical Manual for 
Workers in Pathological History Including 
Directions for Performance of Autopsies and 
for Microphotography ; F. B. Mallory, 397 
Pathologische Histologie : Ein Unterriclitskurs 
fiir Studierende und Arzte; M. Borst, 953 
Pathology of Diabetes Mellltus ; S. Warren 
with foreword by E. P. .Toslin, 199 
Reaction de fixation dans les tuberculoses 
humaines et anlmales ; A. Urbain, 656 
Report of Medical Research Council for Year 
1936-1937, 198 

Special Pathological Anatomy and Patho- 
genesis of Circulatory', Renal and Digestive 
Systems Including Liver, Pancreas and 
Peritoneum; H. Oertel, 396 
Surgical Pathology; W. Boyd, 1105 
Surgical Pathology of Diseases of Neck ; A. E. 
Hertzler, 656 

Textbook of Bacteriology ; T. B. Bice, 658 
Textbook of Histology ; A. A. JIaximow and 
W. B'nom, 659 

Tuberculose pulmonaire chez les sujets ap- 
paremment sains ct la vaccination anti- 
tuberculeuse : L. Saye, 657. 

Books received, 200, 398, 600, 810, 054, 1106 
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Bordct-GcnRoii Bacillus : Sec Whooplnpr CourIi 
B otryomycosls : See Granuloma 
Botulism, experimental studies on adsorption of 
botulinum toxin by kaolin-aluminum hy- 
droxide In Intestines of animals, 804 
Bouton, S. M., .Ir. : Inexpensive cmbcddlnc oven 
for use In routine work on tissues, *580 
Bowen’s Disease ; See Cancer, prccanccr 
Brain : See also Cerebellum ; JIcnliiRes ; Nervous 
System ; etc. 

Aneurysm : See Aneurysm, cerebral 
chanKcs In ploxcctomlzed doRS, with comments 
on spinal fluid, 3G8 

cllnlcopatboloRlc study of astrocytoma, 03" 
RanRllon coll tumors of, 1039 
liemorrbnRc ; hypertonic apoplectic cerebral 
hemorrhaRO, 372 

liemorrhaRe : patholoRlc-anatomlc studies of 
so-called Durcl-Bcrncr liemorrhaRcs, 793 
interrelationship between liver and brain, 371 
mass and surface development of fetal brain, 
G2S 

minerals In normal and In patboloplc brain 
tissue, studied bj’ inlcrolnelneratlon and 
spectroscop 5 ', 938 
primary flbrosarcoma of, *893 
relation of anomalies of circle of Willis to 
aneurysm of base of brain, 930 
similarity of cortical Rlloma and plal menln- 
Rloma, 793 

spoiiRloblastoma unlpolarc, 189 
tumors, useful methods for routine examina- 
tion of, 700 

Branch, C. : PathoIoRlc observations on equine 
encephalitis In man, 047 
Breast, cancer; comedo carcinoma of breast, 790 
cancer ; clTcct of oil of wlnterpreen on spon- 
taneous tumors of mammary Rlands In mice, 
383 

cancer; epithelial chatiRcs In female breast In 
relation to ape and cancer, 040 
cancer; hlstoRcnesIs of mammary carcinoma; 
study based on key block sections of whole 
Rland, 799 

cancer; “Inflammatory carcinoma’’ of breast, 
385 

cancer; prevention of mammary cancer In 
mice by thyrotropic pituitary hormone, 791 
cancer ; propnostlc slRultlcancc of Intracellular 
mucicarmlnophilic matcylal In carcinoma of 
female breast, G3G 

cancer; Walker 2.50 rat mammary carcinoma 
In vitro ; further observations, *80 
cystic disease and carcinoma, 191 
influence of nonbreedliiR and foster nurslnp 
on occurrence of spontaneous breast tumors 
in strain Call mice, 189 
Intracystlc papilloma of, 392 
myoepithelial proliferation of mammary ducts, 
783 

tumors : hlph incidence of spontaneous mam- 
mary tumors in Albany strain of rats, 789 
Brlpht’s Disease : See Nephritis 
Broders, A. C. : Jlallpnant cells in serous effu- 
sions, *53 

Bronchi, benlRn tumors, 792 
Bronchiectasis, experimental, G24 
Brown, C. R. : Cavernous transformation of 
portal and splenic veins, 790 
Brown, W. 0. : Kodachrome Aims for toachInR 
pathology, 949 

Brucella Abortus ; Brucella Slellfensls : See Bac- 
teria, abortus and melltense group 
Brucellosis : See Undulant Fever 

Calcification : See Aortic Yalve 
Calculi : See under Intestines ; Kidneys 
Calvery, H. 0. : Pathologic changes In rats and 
in dogs fed diets containing lead and arsenic 
compounds ; compounds used : load arsenate, 
arsenic trinxide, calcium arsenate and lead 
acetate, *433 ! 


Qambcl, P. : Rare localizations of hydatid dis- 
ease in Turkey: report of case of plurl- 
vlsceral echinococcosis, *419 
Campbell, C. JI., ,lr. : Plasmacytoma of upper 
part of respiratory pas.snRe, *102.5 
Canavan, M. M. : George Burgess Jlagrath, G20 
Cancer: Sec also Adenocarcinoma; Sarcoma: 
Tumors ; etc. : and under names of organs 
and regions, ns Breast: Digestive Tract; 
Intestines ; Dips : Ovary ; Uterus ; etc. 
agent and soil In experimental carcinogenesis, 
384 

cnrclnoRcnctlc activity, structure and chemical 
reactivity of polynuclear aromatic hydro- 
carbons. 937 

carcinogenic action of methyl derivatives of 
1,2-bcnzanthrnccnc, I09G 
cITect of 1, 2. .5. C-dibcnznnthrncene on growth 
of Brown-Penrre rabbit carcinoma. 789 
e.strogens In carcinogenesis. *138 
familial aspects of. 0.37 
genetics In mice. 1097 
Immunity In rabbit, C39 

Immunologic studies with transplantable and 
virus-induced crowtlis of rabbits, 052 
In M.adagnscar, 791 

malignant cells In serous elTusIons, *,55 
inorpholoRleal variations of tumor cells, 1097 
occupational, prophylaxis of, 943 
prccanccr : epithelial changes in female breast 
In relation to age and cancer. 040 
prccanccr : prccancerous skin changes. 1098 
tar: carcinogenic cITcct of papilloma virus on 
tarred skin of rabbits. 3.30 
transmission of Rous nilcralflc agent to chemi- 
cally Induced tumors, 790 
Carbohydrates, formamldc method for extraction 
of polysaccharides from hemolytic strepto- 
cocci. 381 

serologic properties of polysaccharide from 
"’iicold substance of hemolytic streptococci, 
034 

Carbon Dioxide, chemical test of breath for 
Intoxication, 1100 

Carbon Tetrachloride, blood plasma proteins 
and liver Injury, 1089 
Carcinoid : .See under Intestines 
Carcinoma : See Cancer 
Carcinosarcoma : See Tumors, mixed 
Cardiovascular System: Sec Arteries: Blood 
vessels ; Heart ; etc. 

Cartilage, bone and cartilage lesions of pro- 
tracted moderate scurvy. 370 
cartilaginous foci In hearts of white rats and 
of mice, *400 
Casein ns cntnlase, *824 

Castlcman, B. : Correlations between postmortem 
teleroentgenograms of chest and autop.sy re- 
ports with reference to pulmonary embolism 
and Infarction, 1102 
Pituitary fibrosis with myxedema, *09 
Castration, experimentally Induced beiiignancy 
of neoplasm ; effect of treatment with estro- 
gen and of castration of host, *828 
Catalase, casein ns catalase, *824 
fibrin ns cntnlase, *815 

Cells : See also Neuroglia ; Phagocytes and 
Phagocytosis ; Tissue ; Tumors, cells ; etc. 
action of x-rays on egg fragments, 037 
cytoplasmic inclusion bodies of human liver, 
373 

epithelial functional rejuvenation observed in 
mucous cells of gastrointestinal tract and 
parietal cells of stomach. *841 
formation of Russell bodies in plasmacytic 
multiple myeloma, 793 

intranuclear bodies in normal and neoplastic 
human tissue, 189 

Intranuclear formation of melanotic pigment, 
027 
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Cells— Continued 

pulmonary epithelium and proliferative reac- 
tions in lungs; study of cellular response 
in iungs after intratracheal injection of 
toxic and nontoxic foreign substances, *478 
Centrifuge, improved air driven type of ultra- 
centrifuge for molecular sedimentation, 379 
Cerebellum, so-called astrocytoma of, G40 
Cerebrospinal Fluid, changes in brain in plex- 
eetomized dogs, with comments on. SfiS 
pressure, reduction by concentrated lyophile 
scrum, 175 

Cervix : See under Uterus 

Cesarean Section, stone formation in jejunum 
caused by surgical dressing, 181 
Chemistry, law of chemical equilibrium in biol- 
ogy, 1090 

Chemotropism : See Leukocytes 
Chest: See Thorax 
Chloroleukemla : See Chloroma 


Chloroma, transmission of chloroleukemia of 
mice, 386 

Cholesterol ; See also Lipoids 
effect of thyroid feeding on removal of cho- 
lesterol, *888 

observations on lesions produced in arteries of 
dogs by injection of lipids ; lipids injected : 
human fat. fatty acids, soaps and choles- 
terol, *1011 

Chor, H. : Experimental muscular dystrophy in 
guinea pig; nutritional myodegeneration, 
*497 


Chordoma, basilar and sacral chordoma, 639 
Choroid Plexus, changes in brain in plexecto- 
mlzed dogs, with comments on spinal fluid, 
368 


Christianson, 0. 0. : Observations on lesions 
produced in arteries of dogs by injection of 
lipids ; lipids Injected : human fat, fatty 
acids, soaps and cholesterol, *1011 
Chrlstofferson, E. A. : Primary adenocarcinoma 
of jejunum with perforation, 395 
Clostridium: See Bacteria, Clostridium 
Coccidioides, arrested pulmonary coccidioidal 
granuloma, *717 

coccidioidomycosis ; preliminary acute infec- 
tion with fungus coccidioides, 1091 
Coccidioidomycosis : See Coccidioides 
Coccobacillus : See Bacteria, coccobacilli 


Cold, relation of colloidal structure to action of 
complement and to paroxysmal hemoglobi- 
nuria. 381 

Colds : See Respiratory Tract, diseases 

^'I'^cratlve, and regional ileitis, 626 
Lolloids, effects of parenteral introduction of 
protein and nonprotein colloids, 781 
Coman, D. R. ; Negative chemotropism in leuko- 
cytes, *61 

Comedo Carcinoma : See Breast, cancer 
Communicable Diseases : See also Immunity ; 
Jleasles ; Jleningltis ; Syphilis ; etc. 
complex infections, *913 

Complement, quantitative determinations of 
fractions of, 635 

relation of colloidal structure to action of 
complement and to paroxysmal hemoglobi- 
nuria, 381 

Coronarj- Arteries; See under Arteries 
Corpora Amylacea : See Amyloid Substance 
"frcction to article by L. A. Emge, entitled, 
Sarcomatous Degeneration of Transplant- 
n ® Mammary Adenoflbroma of White 
. ’ (26: 429 [July] 1938), 933 

M’ood, entitled, ‘‘A Tray for 
JJenydration, Clearing and Paraflln Impreg- 
-oo V* Large Quantities of Tissue” (26: 
o32 [Aug.] 1938), 614 


Corynebacterium Diphtheriae ; See Diphtheria 
Coryza : See Respiratory Tract, diseases 
Cottrell, L. ; Primary flbrosarcoma of brain, 
*895 

Cox, A. J. : Arrested pulmonary coccidioidal 
granuloma, *717 

Cranium, basilar and sacral chordoma, 639 
medicolegal significance of pressure on brain, 
1101 

pressure in ; relation of chronic intracranial 
pressure to fatty change of liver, 784 
reduction of intracranial pressure by concen- 
trated solutions of human lyophile serum, 
175 

widening of cranial sutures, 937 
Creatine and Creatinine, variation in creatine 
content of human muscle at autopsy, 937 
Cr 5 »ptococci, experimental crj'ptococcic infection, 
803 

Culbertson, J. T. : Phagocytosis of trypan blue 
in rats of different age groups, *212 
Cushing Sj’ndrome : See under Pituitary Body 
C.vlindroma, benign bronchial tumors, 792 
Cysts : See under names of organs and regions, 
as Mediastinum ; Mesentery ; etc. 

Dack, G. M. ; Experimental studies on adsorption 
of botullnum toxin by kaolin-aluminum 
hydroxide in intestines of animals, 804 
Dammin, G. J. : Cardiac muscle in idiopathic 
hypertrophy of heart in infancy and in 
normal growth, *122 

D’Aunoy, R. : Intestinal lesions in congenital 
syphilis; histologic study, with report of 3 
additional cases, in all of which spirochetes 
were identified, *239 
Venereal lymphogranuloma, *1032 
Davidsohn, 1. : Preparation of M and N testing 
fluids, 391 

Recognition of subgroup As as means of avoid- 
ing blood transfusion reactions, 802 
Davison, B. : Some ph.vsical and chemical prop- 
erties of staphylococcus entcrotoxin, 803 
Degeneration, fatty ; relation of chronic intra- 
cranial pressure to fatty change of liver, 
784 

origin of intraepithelial hyaline droplets of 
kidney, 1088 

Dermatitis, experimental hypersensitiveness in 
rhesus monkey, 1095 

Deucher, W. G. : Pathologic aspects of posterior 
protrusions of intervertebral disks, *201 
Deuterium, tumor growth in mice one-fifth satu- 
rated with deuterium oxide (heavy water) , 
383 

Dibenzanthracene : See Benzanthracene 
Dick Test : See Scarlet Fever 
Digestive Tract : See also Gastrointestinal Tract : 
Intestines ; Stomach ; etc. 
cancer of alimentary tract in mice, 036 
Dinitrophenol : See Nitrophenol 
Diphtheria, effect of ascorbic acid and gluta- 
thione on experimental diphtheritic intoxi- 
cation, 630 

myocardial changes in, 1087 
significance of some effects of forraaldeh.vde 
for theory of antigen-antibody aggregation, 
185 

type-specific bacteriophages for Corynebacte- 
rium diphtheriae, 632 
Diverticula : See under Appendix 
Dixon, H. M. : Negative chemotropism in leuko- 
cytes, *61 

Doenges, J. L. ; Spirochetes in gastric glands of 
Macacus rhesus and of m.an without related 
disease, *469 

Dolkart, R. E. : Experimental muscular dvs- 
trophy in guinea pig; nutritional myode- 
generation, *497 
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Donaldson. L. : Sy.stcmic mycosis with mycotic 
endocarditis, 994 
Donors ; See Blood transfusion 
Dordiclc, .T. R. : Diverticula of vermiform ap- 
pendix associated with overgrowth of nerve 
tissue and partial mucocele, "T.Ij 
D raRstedt, h. R. : Experimental studies on 
adsorption of hotullmun toxin hy Itaolin- 
aluminum hydroxide In Inte.stlnes of ani- 
mals, SOI 

Duret's Lesion : See Brain, hemorrhatre 
Dyes : See Stains and SlalnhiR 
Dysentery, Incidence of amchlasls, typhoid and 
dysentery In Chlcaco hospital, 193 
Dystrophy, muscular, experimental. In puinca 
pip; nutritional myodepcncratlon, *497 

Earle, W. R. : Use of strip-shaped explants In 
tissue cultures, *88 

^Yalker S.IC rat mammary carcinoma In vitro: 
ftirthcr observations, *S0 
Echinococcosis, rare localizations of hydatid 
disease In Turkey; report of case of plurl- 
vlsccral echinococcosis, ’UO 
Ectromclla, Infectious: observations on llvlnp 
vaccinia and ectromclla viruses In hiph 
power mlcroscoiiy, 37(1 

Edema : Sec under names of orpans and rcplons 
Edwards, E. A. : Ilyporncidiroma of ovary, .393 
Effusions : Sec Exudates and Transudates 
Elastin; See under Tissue 
Electricity, specific cellular chanpes due to, 03C 
Embolism : Sec also Thrombosis 
correlations between iiostmortem telerocnt- 
penoprams of chest and autopsy rciiorls with 
reference to pulmonary embolism and In- 
farction, 1102 

Encephalitis: See also Encephalomyelitis: 

MenlnpocnccphalUis 

equine, iiatholopic observations In man, 047 
hemorrhaplc, experimental Investlpatlons In, 
370 

Immunity after encephalitis virus vaccination, 
940 

.Tapancse B encephalitis vlrits; its differentia- 
tion from St. Louis encephalitis virus and 
relationship to loniiinp III virus, 184 
postmcasles encephalitis, *128 
Encephalomeninpltls ; Sec Jlcnlnpocnccphalltls 
Encei)halomyclltis, equine, virus of, 1092 

.lai)anese B encephalitis virus : Its differentia- 
tion from St. Louis encephalitis virus and 
relationship to loui)Inp 111 virus, 184 
Endamoeba Histolytica ; See also Amebiasis 
histolytica ; experimental Infection of stom- 
achs of dops and cats, *218 
Endocarditis, Bacillus vapinalls of Diidcrleln as 
cause of, 377 

bacterial, mechanism of localization of vepe- 
tations of, *39!l 

bacterial, nature of vepetatlons of, *001 
experimental, early lesions of, 3li9 
experimental, in dops, *424 
streptococcic, oxiicrimcntal, 1084 
systemic mycosis with mycotic endocarditis, 
394 

Endocardium : See Heart 
Endometrium in prepnancy, 1080 
Endothelium : See Reticuloendothelial System 
Enteritis : See under Intestines 
Enterocolitis : See Intestines, diseases 
Enzymes : See also Blood, enzymes ; rermcn- 
tation 

casein as catalase, *824 

effect of tissue enzyme on pneumococci, G31 
tlbrin as catalase, *815 


Erythema nodosum ; coccidioidomycosis ; prelim- 
inary acute Infection with funpiis coccldl- 
oldes, 1091 

Erythrocytes ; See also Anemia : Hemolysis ; 
Polycythemia ; etc. 

hcmoblastlc sarcoma (primitive red cell type) 
followinp polycythemia vera, *902 
siicclal form of erythrocyte possessinp In- 
creased resistance to hypotonic saline, 1091 
variation In reticulocytes of rabbits, G27 
Estropons, development of sarcoma In mice in- 
jected with liormones or hornione-Ilkc sub- 
stances, 384 

experimentally induced benlpnancy of neo- 
plasm ; effect of treatment with cstropen 
and of castration of host. *828 
lilstolopy of pltultaiy of wliitc rat after in- 
jection of, 949 

hypoidiyslal tumors Induced by cstropenlc 
hormone, 1097 
In carcinopenesis, *138 

Exudates and Transudates, demonstration of 
plasma :intlcoaRulant In exudates of bac- 
terial orlpln, 1090 
/>n In pneumococcus exudates, 1090 
malipnant cells In serous effusions, *.13 
Eyes, transplantation of liver tissue into an- 
terior chamber of eye, 170 

Fallopian Tubes, imidantatlon carcinoma of 
tubal mucosa, 1097 

I’arber, ,S. : Patholoplc observations on equine 
encei)hnlitls In man, 047 
Eat : Sec also Acid, fatty ; Lipoids 
observations on lesions produced In arteries 
of dops by Injection of lipids; lipids In- 
jected: human fat, fatty acids, soaps and 
cholesterol, *1011 

Kavre-XIcoIas’ Disease : .See Lymphopramdoma 
Venereum 

Femur, primary systemic am.vloldosls : Involve- 
ment of cardiac valves, joints and bones, 
with patholoplc fracture of femur, *207 
Kermentnllon : See also Enzymes 
serum enzymes and fermentation tests, 938 
Ferments : Sec Enz.vmes 
Fetus : fiee also Frepnancy 

aspiration of amniollc Ihiuor, 944 
cevltamip acid content of fetal blood. fi29 
correlation of fetal body lenpth with welphts 
of orpans, 1089 

Fever : Sec also Malaria ; Typhoid ; 3'yphus : 
etc. 

patholoplc chanpes followinp therapeutic hy- 
perthermia, 948 

peripheral blood phenomena and differential 
response of bone marrow and lymph nodes 
to hypcr|)yrexla. 3GS 
Undulant : Sec Undulant Fever 
Fibrin as catalase, *815 

basc-proteln-acld compounds prepared from 
Ilbrin, *811 

librinuid dcpeneratlon of connective tissue, 
782 

tlbrinold dcpeneratlon of connective tissue 
followinp slnple Injection of protein, 372 
Fibroblasts ; See Tissue, connective 
Fibroma, immunoloplc relationship between 
Shope nbroma virus, virus of myxoma and 
neurolaplne virus, 390 
Infectious, histolopy in rabbits, 943 
influence of temperature on proliferation ot 
Infectious fibroma and Infectious myxoma 
viruses in vivo, ISO , , c 

specific complement-fixation with virus ot 
Shope's fibroma, 038 

Fibrosarcoma of soft tissue with repional con- 
centric absorption of bone not due to 
tumor, 949 

primary, of brain, *895 
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Fibromyxoma, primary, of heart, 950 
Films, kotlacUrome films for teaching pathology, 
9-19 

Filam Terminale : See Spinal Cord 
Finner, L. L. ; Pathologic changes in rats and 
in dogs fed diets containing lead and ar- 
senic compounds ; compounds used : lead 
arsenate, arsenic trioxide, calcium arsenate 
and lead acetate, *433 

Fischer, M. H. ; Base-protein-acld compounds 
prepared from fibrin, *811 
Casein as catalase, *824 
Fibrin as catalase, *815 
Fistula, bleeding tendency and prothrombin 
deficiency, 308 

Fluids, comparison of interchange of body fluids 
after intravenous injections of crystalloids, 
gum acacia and blood serum, 629 
membrane formation at lipoid-aqueous inter- 
faces in tissues, *15 

Fluorides, composition of human bone in chronic 
fluoride poisoning, 628 

osseous changes in man following prolonged 
ingestion of fluorides ; report of case, 642 
Foramen Ovale ; See Heart, abnormalities 
Forearm, fibrosarcoma of soft tissue with re- 
gional concentric absorption of bone not 
due to tumor, 949 
Fowl Plague ; fowl pox virus, 785 
Fractures: See under names of bones, as Fe- 
mur: etc, 

Frank, I. ; Experimental endocarditis in dogs, 
*424 

Freezing ; See Cold 

Frei Reaction ; See Lymphogranuloma Venereum 
Freund, J. : Sensitization, antibody formation 
and lesions produced by tubercle bacilli in 
albino rat, *289 

Friedland, L, 51, : Adenocarcinoma of jejunum 
treated by enteroenterostomy and compli- 
cated by intussusception, 650 
Friedman, N, B, : Chronic hypoglycemia : re- 
port of 2 cases with islet adenoma and 
changes in hypophysis, *994 
Periarteritis nodosa, 195 
Systemic mycosis with mycotic endocarditis, 
.394 

Fujiwara, T. P. : Ponceau-fuchsin stain for 
androgenic adrenal cortical cells ; modified 
technic, *1030 
Fungi : See Jlycosis ; etc. 

Furth, ,T. ; Suppurative thrombophlebitis of 
az.vgos vein associated with abscess of 
lung, G51 

Fusosplrochetosis : See Spirochetosis 

Gall, E. A. : Histologic studies of chronic ben- 
zene poisoning, 1103 

Gardner, L. IT. : Etiologic factors in develop- 
ment of silicosis, 644 

Gardner, lY. H. : Estrogens in carcinogenesis, 
*138 

Gastrectomy : See under Stomach 
Gastric Ulcer: See Peptic Ulcer 
Gastrointestinal Tract : See also Digestive 
Tract : Intestines ; Rectum : Stomach : etc. 
epithelial functional rejuvenation observed in 
mucous cells of gastrointestinal tract and 
Parietal cells of stomach, *841 
fecliiuc of experiments on rabbits to ascer- 
tain effect of application of chemical sub- 
stances to gastrointestinal mucosa, *847 
Genitals: See under names of genitals, as 
Penis: Vagina: etc. 

Germicides, bactericidal action of prostatic fluid 
in dogs, 634 


Gersh, I. : Histology of cutaneous reaction to 
Brucella melitensis antigen, *307 
Gilbert, P. D. : Left interior vena cava, *1021 
Ginzler, A. 51. : Osseous findings in chronic 
renal insufficiency in adults, 798 
Glia: See J7euroglla 

Glioma, similarity of cortical glioma and pial 
meningioma, 793 

Globulin in Blood : See Blood, proteins 
Glomangioma, malignant tumor of greater omen- 
tum simulating glomangioma, *95 
Glomerulonephritis : See under Kephritis 
Glomus Tumor : See Tumors 
Gloves, tuberculous infection from talcum used 
to dry gloves used for necropsies, 939 
Glycols, pathologic effects of certain glj-cols and 
related compounds, *447 
Goiter, Lymphadenoid : See Thyroid, diseases 
Goldner, J. ; Appendicitis ; changes in muscu- 
lature of appendix in chronic appendicitis, 
*546 

Gonads : See Hermaphroditism ; Ovar.v ; Tes- 
ticles 

Gonococci, experimental gonococcic infection in 
mice and their protection by sulfanilamide, 
785 

Gouley, B. A. : Lett inferior vena cava, *1021 
Graafian Poilicle : See also Estrogens 
theca interna cone and its role in ovulation, 
1086 

Grafflin, A. L. : Normal, acromegalic and hyper- 
plastic nephritic human nephron ; further 
consideration of plastic reconstructions of 
Louis A. Turley, *091 

Granuloma, botryomycosls : report of 2 cases of 
intra-abdominal granuloma, *313 
Coccidioidal : See Coccidioides 
Inguinale : See also Lymphogranuloma ^'e- 
nereum 

inguinale with visceral and osseous lesions, 
393 

von Haam, E. : 5'’enereal lymphogranuloma, 
*1032 

Haemophilus Influenzae : See Influenza 
Pertussis : See Whooping Cough 
Hair, medicolegal examination of, 793 
Hall. E. 51. : Progressive alcoholic cirrhosis : 
clinical and patliologic stud.v of 08 cases, 
*672 

Hampton, A. 0.: Correlations between post- 
mortem teleroentgenograms of chest and 
autopsy reports with reference to pulmonary 
embolism and infarction, 1102 
Harrison, F. F. : Coarctation of aorta of adult 
type, a.ssociated with c.vstic degeneration of 
media in first portion of arch, *742 
Hass, G. 51. : Elastic tissue. *334, *583 
5Iembrane formation at lipoid-aqueous inter- 
faces in tissues, *15 

Hasterlik, R. : Congenital absence of penis, 
391, *984 

Heart : See also Endocarditis ; etc. 

abnormal distribution of superficial muscle 
bundles in human heart, 370 
abnormalities ; developmental defects at fora- 
men ovale, 178 

Aschoff bodies in heart in tuberculosis, 182 
ball tlirombus of : report of case witli review 
of literature, *907 

blood supply : tetanus bacilli in cardiac blood 
and spleen, 033 

blood supply ; venous stasis of myocardium, 
782 

bundle branch block. 620 
cardiac muscle in idlopatliic hypertrophy of 
heart in infancy and in normal growth, 
*122 

cartilaginous foci in hearts of white rats 
and of mice, *460 
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Heart — Continued 

incidence of myocardial Infarction without 
pain in 200 autopslcd cases, lOS.'i 
Infarction of, 1085 

muscles, variations in content of aseorldc acid 
and plfrmcnt in, 030 
myocardial clianRcs in dlplitlierla, 1087 
orRan liypcrtropliy in tliyrold-fcd rats, 1083 
primary Ilbromyxoma of, 030 
primary systemic ami’loldosls ; involvement of 
cardiac valves, joints and hones, with patli- 
oloRic fracture of femur, *207 
spontaneous cardiovascular disease in rat, 170 
variation in creatine content of human muscle 
at autopsy, 937 
Heavy iVater : See Deuterium 
Hehre, E. : .Sensitization, antibody formation 
and lesions produced by tubercle tiacllll in 
albino rat, *289 

HomaRcIuflnatlon ; See ARRiutInaflon ; Hlood. 
Rroups 

HemaRRlutlnlns : See AcRlutlnlns 
Hematopoietic System : Sec also Anemia : 
Erythrocytes : Leukemia : etc. 
culture of adult human hemopoietic tissues, 
170 

llemoRlobln and HcmoRlobln rompounds ; See 
Anemia ; Blood : Erytlirocytes : HernoRlobl- 
nurla : Hemolysis 

ncrnoRloblnurla, renal Insuillcloncy from blood 
transfusion, 307 

Hemolj-sln, stable hcniolysln-leukoeldln and its 
crystalline derivative Isolated from Iieta 
hemolytic stroptocoeel. ISO 
Hcmol.vsls, relation of colloidal structure to 
action of complement and to pnroxy.snial 
hemoRloi)lnurla. 3S1 

Hcmonlillus; .Sec Ilacierla, hemophilus ; IVhoop- 
InR rouRli 

Hemontysls. liemanRioendotliellal sarcoma of 
tlivrold wltli extension Into trachea and 
with massive liemoptvsls. *."71 
HcmorrhaRc; See also Brain, licmorrhaRc; En- 
eenlialltls, hemorrimclc : etc. 
bleedlnR tendency and prothrombin deficiency, 
308 

Hepatitis; See Liver 

HepatosplenoRrapliy : See Liver. rocnfRc-noR- 
raphy : Snleen, roentRcnoRraphy 
Hermaphroditism, bilateral tubular te.stlcular 
adenoma assoelated with Inlcrsc.xuallty, 190 
Herpes virus, experimental studies In white 
mice, 377 

Hertz. S. : Bitultary fll)rosls with m.vxedema. 
*09 

Hile, K. E. : Tn vitro and In vivo action of 
clironlc inflammatory tissue on certain anti- 
Rcns and antibodies, 802 
HodRkln’s Disease : See LymphoRranuloma 
Holman, It. L. : Complete anuria due to block- 
aRo of renal tubules by protein casts In case 
of multiple myeloma, *748 
Hormones, Sex : See EstroRcns ; Bitultary Prep- 
arations : etc. 

Howell, K. M. ; Incidence of amcbla.sls, ty- 
phoid and dysentery in CIilcaRo hospital, 
193 

Hueper, W. C. ; CartllaRinous foci in hearts of 
white rats and of mice, *400 
Humphreys, E. Jf. : InRulnal Rranuloma with 
visceral and osseous lesions, 393 
Hunter, E. T. : Chronic benzene poisonlnp, 1103 
Hutcheson. W. : Itcticulocndothellomatosls, *562 
Hydatid Disease: See Echinococcosis 
Hydrocarbons, carclnoRenetlc activity, structure 
and chemic.al reactivity of polynuclear aro- 
matic hydrocarbons, 937 
precancerous skin chanRes, 1098 
Hydrogen Ion Concentration, effects of acidity 
on pneumococcus growth, 375 
pH In pneumococcus exudates, 1090 
inflammation ; direct effect of changes In hy- 
drogen ion concentration on leukocytes, 
*115 


Hydropliobla : Sec Babies 
Hyperergy: .Sec Anaphylaxis and Allergy 
Hypernephroma of ovarj’, 393 
Hyperparathyroidism: .See under Paratliyroid 
Hypori)rotelnemin : .See Blood, proteins 
Hyperpyrexia ; See Fever 
Hypcrscnslllvcncss : .Sec Anaphylaxis and Al- 
lergy 

Hypcrfcnslon ; .See Blood pressure, higli 
HypoRlycemla : .See Blood sugar 
Hypopliysis : .See Pltultarj- Body 

Immunity: See also Anaphylaxis and Allergy: 
Anilucns and Antibodies ; Pneumococci : 
I’liciimonln; .Serum, Immune; .StapliylococcI; 
Streptococci ; Tuberculosis ; etc. 
Immunologic bcliavior of scrum globulin, 788 
‘Sliwarlznian phenomenon, 942 
Industrial Diseases, clironic benzene poisoning, 
1103 

prophylaxis of occupational cancer, 943 
Infants, ncwliorn : Injuries of cervical spinal 
cord In newborn children, 1101 
newl)orn : pathologic and ctiologic observations 
on Intestinal endemic of nurslings, 800 
Infection: See Immunity; A'lru.scs; and under 
names of bacteria, ns Sfapiiylococci ; Slrep- 
toeoccl ; etc. 

Infectious Diseases: Sec Communle.able Dis- 
eases; Dlplitlierla; Pnciimococel ; T.vphold; 
etc. 

Inflammation : direct effect of clianges in iiydro- 
gen ion concentration on leukocytes, *115 
Influence on absorption of substances of var- 
ied dlffuslblllly, 029 
Influenza, human, in swine, 033 
swine influenza, *021 
virus on developing egg, 181 
Ininrles : See Trauma ; and under names of or- 
gans and regions, ns .Spinal Cord ; etc. 
Instruments: Sec Aiiparatus 
Intersexiialliy : See Hermaphroditism 
Intervertebral Disks : Sec Spine 
Intestines: See also Gastrointestinal Tract; 
Bectum : Sigmoid 

adenocarcinoma of jejunum treated by entcro- 
enterostomy and complicated by Intussus- 
ception. G30 

ndenoearclnoma of large intestine In presum- 
ably dizygotic twin brotliers, *133 
argentaflin (carcinoid) tumors of small intes- 
tine ; report of 11 cases and review of 
literature, *23 
cells of Panetli, *875 
Diseases : See also Dysentery 
diseases ; acute postoperative enterocolitis ; 

slnd.v on patlioioglc nature of shock, *9C0 
diseases : regional ileitis and ulcerative coli- 
tis, G2G 

experimental studies on adsorption of botull- 
num toxin by kaolin-aluminum liydroxide 
in Intestines of animals, 804 
lesions in congenital sypbills ; histologic study, 
witli report of 3 additional cases, in all of 
wlilcli spirochetes were Identified, *239 
pathologic and ctiologic observations on in- 
testinal endemic of nurslings, 800 
primary adenocarcinoma of jejunum wltli per- 
foration, 395 

results from study of cells of liuman large in- 
testine, *8G2 

results of study of cells of small intestine of 
rabbit, *873 ^ ^ , 

stone formation In jejunum caused by surgi- 
cal dressing, 181 
Intoxication : See Alcoholism 
Intranuclear Inclusions : See under Cells 
Irradiation : Sec Boentgen Bays ; and under 
names of diseases and organs 
Isoagglutinins : See Blood, groups 
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Jacobs, M. B. : Primary adenocarcinoma of 
jejunum with perforation, 395 
Jacobson, S. A. : Bronchiolar necrosis In new- 
born, 797 

Jaffe, H. L. : Osseous findings in chronic renal 
insufficiency in adults, 79S 
Jaundice, hepatosis and icterus, 782 
Jejunum; See Intestines 

Joints, primary systemic amyloidosis; involve- 
ment of cardiac valves, joints and hones, 
with pathologic fracture of femur, ♦2G7 
Joranson, Y. : Endamoeha histolytica ; experi- 
mental infection of stomachs of dogs and 
cats. *218 

Jordan, H. E. : Aplastic anemia with reference 
to significance of small lymphocytes, *1 
Journals : See Periodicals 

Julian, 0. C. : Fibrosarcoma of soft tissue witli 
regional concentric absorption of bone not 
due to tumor, 949 

Jurisprudence, Medical : See also Alcoliollsm : 
Suicide ; etc. 

diagnosis and medicolegal implications of 
alcoholic intoxication, 944 
identification of persons by their bites, 794 
medicolegal examination of hairs, 793 
medicolegal significance of pressure on brain, 
1101 

pathologic-anatomic studies of so-called 
Duret-Berner hemorrhages, 793 

Kesten, H. D. : Pathologic effects of certain 
glycols and related compounds, *447 
Kidd, J. G.; Immunologic studies with trans- 
plantable and virus-induced growths of 
rabbits, G52 

Kidneys, acidophilic cell “inclusions” in nerve 
tissue and in kidneys of “normal” pigeons, 

1087 

acute glomerular nepliritis in rabbits, 180 
blood supply; experimental hypertension. 175 
calculi, production in guinea pigs by feeding 
them diet deficient in vitamin A, *104 
complete anuria due to blockage of renal 
tubules by protein casts in case of multiple 
myeloma, *748 

Diseases : See Nephritis ; Pyelonephritis 
early renal changes in toxic nephrosis, 784 
effects of intravenously hijected sucrose on, 
94G 

experimental lead nephritis, 781 
hyperparathyroidism and renal disease, *753 
hypertension In patient with solitary ischemic 
kidney, 180 

normal, acromegalic and hyperplastic nephritic 
human nepliron ; further consideration of 
plastic reconstructions of Louis A. Turley, 
*G91 

notes on form of renal disease of dog, G42 
origin of intraepithelial hyaline droplets of, 

1088 

osseous findings In chronic renal insufficiency 
in adults, 798 

pathologic effects of certain glycols and re- 
lated compounds, *447 
pyelonephrltic contracted kidney, 936 
renal insufficiency from blood transfusion, SC7 
role of neural crests in embryonal adenosar- 
comas of, 384 

sclerosis of arterioles of spleen and kidney in 
relation to arterial hypertension, 1088 
tissue spaees of, 371 

Killingsworth, lY. P. : Mesenteric cysts in chil- 
dren, 197 

Klramelstiel, P. ; Botryoinycosis ; report of 2 
cases of intra-abdominal granuloma, *313 
Kirsl\b.anm, J. D. : Malignant tumor of greater 
omentum simulating glomangloma, *95 
Klemperer, P. : Effects of intravenously injected 
sucrose on kidneys, 94G 
Kocii s Bacillus : See Tubercle Bacilli 
Kodaelirome films for teaching patliology, 949 


Koletsky, S. : Primary systemic amyloidosis ; 
involvement of cardiac valves, joints and 
bones, with pathologic fracture of femur, 
*267 

Koppelman, H. : Histogenesis of mammary car- 
cinoma : study based on key block sections 
of whole gland, 799 

Kramer, B. : Production of renal calculi in 
guinea pigs by feeding them diet deficient 
in vitamin A, *104 

Kuhn. L. It. : Experimental cryptococcic infec- 
tion, 803 

Kupffer Cells : See under Liver 

Lead, pathologic changes in rats and in dogs 
fed diets containing lend and arsenic com- 
pounds ; compounds used : lead arsenate, 
arsenic trloxide, calcium arsenate and lead 
acetate. *433 

poisoning; experimental lead nephritis, 781 
Leukemia ; See also Clrloroma 
leukosis of fowls, G43 
neoplastic character of, 389 
transmissible, in "A” strain of mice, 3SG 
Leukocidin : See Leukocytes 
Leukocytes : See also Leukemia : Lympliocytes ; 
Phagocytes and Phagocytosis : etc. 
effects of orgnnismal differentials on distribu- 
tion of leukocytes in circulating blood. *510 
inflammation; direct effect of changes In liy- 
drogen ion concentration of leukocytes, *115 
negative chemotropism in. *G1 
peripheral blood phenomena and differential 
response of bone marrow and lymph nodes 
to hyperpyrexia, SOS 

stable hemolysin-leukocidln and Its crystalline 
derivative isolated from beta hemolytic 
streptococci, ISG 
Leukosis : See Leukemia 

Levinson, S. A. ; Kodaelirome films for teaching 
pathology, 949 

Liber, A. F. : Cavernous transformation of por- 
tal and splenic veins, 796 
Lichtenstein, L. : Pathologic changes following 
therapeutic liyperthermia, 948 
Lipochromes, llpofuscin content of voluntary 
muscle, 182 

Light : See Ultraviolet Bays 

Lipids : See Lipoids 

Lipoids : See also Cholesterol ; Fat 

membrane formation at lipoid-atiueous inter- 
faces in tissues, *15 

observations on lesions produced in arteries 
of dogs by injection of lipids ; lipids in- 
jected : human fat, fatty aclds, soaps and 
cholesterol, *1011 

Lips, varieties of carcinoma of upper lip, SSS 
Liver, blood plasma proteins and liver injury, 
1089 

cirrhosis : progressive alcoholic cirrhosis : clin- 
ical and patliologic study of 68 cases, *672 
cultivation of vaccinia vims witli Kupffer 
cells (reticuloendothelial cells), 632 
cytoplasmic Inclusion bodies of human liver, 
373 

hepatosis and icterus, 782 
interrelationship between liver and brain. 371 
pathologic effects of certain glycols and re- 
lated compounds, *447 

relation of chronic intracranial pressure to 
fatty change of liver, 784 
roentgenography; cellular reaetions to thorium 
dioxide in hepatosplcnography, 178 
serous hepatitis, SOI 

transplantation of liver tlssuo into anterior 
chamber of eye, 176 

tuberculosis ; early changes in intima of intra- 
hepatic branches of portal vein in inocula- 
tion tuberculosis of guinea pig, 633 
Loeb. L. : Howard A. McCordock, 172 
Louping 111: See Encephalomyelitis 
Lungs; See also I’leura ; Besplratory Tract; 
Tliorax ; etc. 
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Luniis — Contiimcd 

abscess; suppurative (Iirombophicbifis of 
nzysos vein associated with abscess of lunc, 
Gol 

arrested pidmonary coccidioidal Rranuloma, 
•717 

bronclilolar necrosis In newborn, 707 
correlations between postmortem telcrocnt- 
KonoKrams of chest and autopsy reports 
with reference to pulmonary embolism and 
Infarction, 1102 

pulmonary epithelium and proliferative reac- 
tions in lurifTs : study of cellular response 
in lunRS after intratracheal Injection of 
toxic and nontoxic foreign substances, *178 
pulmonary schistosomiasis, 780 
Tuberculosis : See Tuberculosis, pulmonary 
Lymph Nodes ; 13ee Lympho;:ranuloma 
peripheral blood phenomena and dlffcrenthnl 
response of bone marrow and lymph nodes 
to hyperpyrexia, 308 

Lymphatic System : .See also Lymph Nodes 
disturbances of blood and lymph circulation 
In abdomen, 031 

oripln and fate of lymphatics In parabiotic 
animals. 371 

participation of lymphatics In patholoRlc 
alterations of spleen. 372 
Lymphocytes ; See .also Leuhemla : T.eukocytes 
aplastic anemia with reference to slpnltlcancc 
of small lymphocytes, *1 
Lymi)hoKrnnuloma : Sec also (Iranuloma 

analysis of 70 cases of lymphotrrnnulomatosls, 
783 

tissue culture of lymphouranuloma (ITodckln's 
disease), 702 

Lymphopranuloma Venereum, *1032 
Lymphoid Tissue; Sec also Lymph Nodes; 
Lymphatic System 

cITcct of x-radlatlon on blood and lymphoid 
tissue of fumor-bearluB animals, 387 
Lysins : Sec Hemolysin 

McCordock, Howard A., 172 
McCutcheon, M. : NcKatlvo chcmotroplsm In 
leukocytes, *01 

McDonald, .1. It. : Malignant cells In serous 
effusions, *,T3 

Macklln, C. C. : Adenocarcinoma of larce Intes- 
tine In presumably dlzycotlc twin brothers, 
*133 

Macklln, Jl. T. ; Adenocarcinoma of larce intes- 
tine In presumably dlzycotlc twin brothers, 
*133 

JIacrophace : See rimcocytcs and riiacocyfosls 
Macrath, Gcorce llurpcss, 020 
Malacoplakla of urinary bladder, 303 
JIalarla, (luantlfaflvc protection in monkey 
malaria, 03-1 

regeneration of malarial spleen in canary 
after infarction and after burning, 780 
supcrinfectlon In, 939 

Slalformatlons ; Sec under names of organs and 
regions, as Aortic Valve ; Heart ; etc. 
M.illory, T. B. ; Histologic studies of chronic 
benzene poisoning, 1103 
Jl.alta Fever: Sec Undulant Fever 
Mammary Gland : See Breast 
Martin, H. M. : Notes on form of renal disease 
of dog, 042 

Measles inclusion bodies in blood and in tissue 
cultures, 184 

postmeasles encephalitis, *128 
Mediastinum, cyst lined by gastric mucosa with 
perforating peptic ulcer, 027 
Medium: See under names of bacteria, 1. e.. 
Staphylococci ; Streptococci : etc. 

Melanoma, clasmatosis In melanoblast, 942 
intr.anuclear form.atlon of melanotic pigment, 
027 

melanotic tumor In fish, 791 
Mendeloff, J. : Glomus tumor of arm, 940 


Meninges, association of pachymeningitis with 
tumors, 041 

similarity of cortical glioma and pl.al menin- 
gioma, 793 

Jfcnlngloma, similarity of cortical glioma and 
plal meningioma, 793 

Meningitis ; See also Meningococci ; Meningo- 
encephalitis 

virus of meningitis and pneumonitis, 1092 
Meningococci : See also under Jlcnlngltls 
meningococcal broth culture filtrates; failure 
of protection experiments, 187 
Meningoencephalitis: See also Enceph.alitls ; 
Jtenlngltls 

fowl pox virus, 78.0 

Menkin, A'. : Inllammatlon ; direct effect of 
changes in hydrogen ion concentration on 
leukocytes, *115 

Mesentery, cysts In children, 197 
Mesothelioma of pleura. 1099 
Jlctnis, Poisoning : See under Lead; etc. 

Jleyer. K. A.: Carcinoma of parathyroid gland, 
802 

Miller, B. .1.; Studies of human ova; descrip- 
tion of artltlclally induced parthenogenetlc 
activities in 1. *112 

Miller, .1. L.. .1r. ; Carcinoma of thyroid with 
long clinical history. 190 
.Minerals in normal and in pathologic brain tis- 
sue, studied by mlcroinclneration and spec- 
troscopy, 938 

Models, normal, acromegalic and hyperplastic 
neiihrltle luiman nci)hron ; further consider- 
ation of plastic reconstructions of IjOuIs A. 
Turley, *091 

Molluscum contagiosum. mlcromanlpulatlon and 
microdissectlon of inclusion body of, 038 
Moore, It. A. : Cardiac muscle In Idiopathic 
hypertrophy of heart in Infancy and in 
normal growth, *122 

Morgan, AV. A. : Frogresslve alcoholic cirrhosis ; 
clinical and pathologic study of 08 cases, 
*072 

Miicicarmlnes : See Stains and Staining 
Mucin, abscess production by fusiform bacilli in 
rabbits and mice by use of sclllaren B or 
mucin, 031 

Mucocele ; See Appendix 

Mucous Membrane, structure of basement mem- 
brane, 784 

JIulinos, JI. G.: I’athologlc effects of certain 
glycols and related compounds, *447 
M\immles, histological study of mummy of Har- 
mose, 1087 

Muscles, changes in calf muscles following 
venous thrombosis and prolonged confine- 
ment In bed, 028 

Dystrophy; .Sl-c Dystrophy, muscular 
llpofuscln content of voluntary muscle, 182 
variation in creatine content of human mus- 
cle at autopsy, 937 

Alyasthcnla gravis : tumors of thymus and their 
association with myasthenia, 943 
Mycosis, .s.vstemlc, with mycotic endocarditis, 394 
Myelin : Sec under Nervous System 
Myeloma, formation of Bussell bodies In plas- 
mac.vtlc multiple myeloma, 793 
multiple, complete anuria due to blockage of 
renal tubules by protein casts in case of, 
*748 

jMyocardlum : See Heart 

Myxedema, pituitary fibrosis with myxedema, 
*09 

Myxoma, Infections, centrifugation of elemen- 
tary bodies of rabbit, 938 
elementary (Paschen) bodies In mbblt, 191 
Immunologic relationship between Shore 
fibroma virus, virus of myxoma and neuro- 
lapine virus, 390 

influence of temperature on proliferation of 
infectious fibroma and Infectious myxoma 
viruses in vivo, 189 
of rabbits, *928 
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Narcosis: See Anesthesia 

Xathanson, I. T. : Experimentally induced be- 
nignancy of neoplasm ; effect of treatment 
■nritti estrogen and of castration of host, 
*S2S 

Xecropsies : See Autopsies 

Xelson, A. A.: Accessory adrenal cortical tis- 
sue, *935 

Xeopiasms: See Cancer; Sarcoma; Tumors 
Xenhritis: See aiso Albuminuria; Pyelonephritis 
acute glomerular nephritis in rabbits, 180 
genesis of renal fibrosis, 181 
pyelonephritic contracted kidney, 93G 
Xephrons : See under Kidneys 
X'epbrosclerosis : See under Arteriosclerosis 
Xephrosis : See under Kidneys 
Xerves, Cells : See Neurons 
neuron degeneration in vitamin deficiency, 
1084 

olfactory ; cutaneous Infectivity in poliomye- 
litis, 939 

tumors of nerve sheaths in fish, 643 
Nervous System : See also Bram ; Cerebellum ; 
Nerves; Spinal Cord; etc. 
adaptation of original IVeigert technic for 
staining myelm sheaths in formaldehyde- 
pyroxvTin material, 192 
influence on hyperergic inflammation, 176 
pathologic changes in yellow fever, *249 
periarteritis nodosa, 626 

relation of vegetative and peripheral nervous 
s.vstem to hyperergic inflammation, 177 
Nesidioblastoma, islet tumor of pancreas, 386 
Neuman, L. : Balt thrombus of heart ; report of 
case with review of literature, *907 
Neurofibromatosis, 188 

Neuroglia, genesis of corpora amylacea of cen- 
tral nervous system, 783 
Xeurohypophysis ; See Pituitary Body 
Xeurolapine: See Smallpox, vaccination 
Neurons, acidophilic cell "inclusions'* in nerve 
tissue and in kidnej's of “normal" pigeons, 
1087 

degeneration in vitamin deficiency, 1084 
Nevi ; nevus cell, 1100 
Newborn Infants : See Infants, newborn 
Newton, F. C. : Plasmacytoma of upper part of 
respiratory passage, *1023 
Nicolas-Favre’s Disease: See Ljunphogranuloma 
Venereum 

Nippostrongj-lus : See Trichostrongylidae 
Nitrogen, immunization against neoplasm ; its 
effect on nitrogen metabolism of host, 383 
Nitrophenol, organ hypertrophy in thyroid-fed 
rats, 1085 

Nurses and Nursing, active Immunization of 
nurses against scarlet fever, 787 
Nutrition, experimental muscular dystrophy in 
guinea pig ; nutritional myodegeneration, 
*497 

Obituaries: 

iIcCordock, Howard A., 172 
Magrath, George Burgess, 620 
''illiams, Herbert U., 013 

Occupational Diseases : See Industrial Diseases 
Ouen, p. \Y. : Botryomycosis ; report of 2 cases 
of intra-abdominal granuloma, *313 
Olfactory Bulb : See Nerves, olfactory 
Omentum, malignant tumor of greater omentum 
simulating glomangioma, *95 
Organs, correlation of fetal body length with 
weiglits of organs, 1089 
effects of organismal differentials on distri- 
bution of leukocytes in circulating blood, 
*510 

effects of parenteral introduction of protein 
and nonprotein colloids, 781 


Osteoarthritis ; degenerative arthritis, 179 
Osteogenesis : See Bones, growth 
Osteoms'elitis, experimental staphylococcic osteo- 
myelitis, 1084 

in vitro and in vivo action of chronic inflam- 
matory tissue on certain antigens and anti- 
bodies, 802 

Ovary: See also Graafian Follicle 
granulosa cell carcinoma, 1096 
hyitemephroma of, 393 

implantation carcinoma of tubal mucosa, 1097 
Ovulation : See also Estruation 
theca interna cone and its role in, 1086 
Ovum : See also Ovulation 
studies of human ova; description of arti- 
ficially induced parthenogenetic activities 
in 1, *412 

Pachymeningitis: See also Meningitis 
association with tumors, 641 

Pain, congenital universal Insensitiveness to, 
780 

Pancreas, chronic hj’poglycemia ; report of 2 
cases with islet adenoma and changes in 
hypophysis, *994 

neoplastic disease of pancreas in reptiles, 644 
nesidioblastoma ; Islet tumor of pancreas, 386 
pancreatic silicic acid, 630 
Paneth Cells : See under Intestines 
Panuus : See Trachoma 

Papilloma, carcinogenic effect of papilloma virus 
on tarred skin of rabbits, 386 
course of virus-induced rabbit papillomas as 
determined by virus, cells and host, 387 
histogenesis of Sbope inoculalde rabbit papil- 
loma, 1100 

immunologic studies with transplantable and 
virus-induced growths of rabbits, 052 
intracystlc, of breast, 392 
Parabiosis, origin and fate of l.vmphatics in 
parabiotic animals, 374 
Paralysis, Infantile; See Poliomyelitis 
Parathyroid, carcinoma of, 802 
functional hyperplasia of, 1085 
hyperparatliyroidism and renal dise-ase, *753 
Parietal Bone, solitary amyloid tumor of, 389 
Paschen Corpuscles : See Myxoma, Infectious 
Patliolog}', kodachrome films for teaching pa- 
thology, 949 

Virchow's lectures at IVurzburg, 373 
Pearson, B. : Intestinal lesions in congenital 
sypliilis; iiistologic study, with report of 3 
additional cases, in all of which spiro- 
chetes were identified, *239 
Pemphigus, relations between virus of pemphi- 
gus and that of rabies, 185 
Penis, congenital absence of, 391, *984 
Penner, A. : Acute postoperative enterocolitis ; 

study on pathologic nature of shock, *966 
Peptic Ulcer, mediastinal cyst lined by gastric 
mucosa with perforating peptic uicer, 627 
Periarteritis nodosa, 193, 626 
Periodicals, Mycopathoiogia, 171 
Peritoneum : See also Omentum 

influence of inflammation on absorption of 
substances of varied diflusibility, 629 
Perla, D. : Hemoblastic sarcoma (primitive red 
cell type) following polycythemia vera, *902 
Pertussis ; See Whooping Cough 
Phagocj’tcs and Phagocytosis : See also Immuni- 
ity; Leukocytes; Reticuloendothelial Sys- 
tem 

macrophage reaction in experimental lobar 
pneumonia of dogs, 183 
phagocytosis of trypan blue in rats of differ- 
ent age groups, *212 
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Pituitary Body, basophil adenoma of pars Inter- 
media of hypophysis, fl42 
chronic hyponlyccmla ; report of 2 eases with 
Islet adenoma and channes In hypophysis, 
•nni 

hlstolopy of pituitary of white rat after In- 
jection of estroKcn, 940 
hypophysial tumors Induced hy cstroircnlc 
hormone, 1007 

pituitary fibrosis with myxedema, *00 
Pituitary Preparations, prevention of mammary 
cancer In mice hy thyrotropic pituitary hor- 
mone, 791 

Placenta, cultivation of adult tissues In human 
serum, C30 

Plasmacytoma of upper part of respiratory pas- 
sape, *102,7 

Pleura, mesothelioma of, 1000 
Pneumococci, ctfect of formaldehyde on, 374 
effect of tissue enzyme on, 031 
effects of acidity on pncumococclc prowth, 37.7 
/’ll In pncumococclc exudates, 1000 
immunization with antipen from pneumococci, 
033 

Immunlzlnp substances In, 378 
sipnlflcance of some effects of formaldehyde 
for theory of antipen-antihody apprepatlon, 
18,7 

Pneumoconiosis, etloloplc factors In development 
of silicosis, 044 

Pneumonia, experimental jmcumococclc Infection 
In tuberculous rabbits, 02,7 
local recovery In experimental pncumococclc 
lobar pneumonia In dop, ISO 
macrophape reaction In experimental lobar 
pneumonia of dops, 183 
possible mechanism of lowered resistance to. 
930 

virus of mcnlnpltls and pneumonitis, 1002 
Pneumonitis: Sec Pneumonia 
Pneumopericardium, traumatic, 705 
Poison Ivy : Sec Ithus, polsonlnp 
Poisons and Polsonlnp ; .Sec under names of 
specific substances, as Benzene ; Fluorides : 
Lead : etc. 

Poliomyelitis : See also Kncephalomyelltls 
cutaneous Infectivlty In, 939 
nasally Instilled poliomyelitis vlnis, 787 
Polycythemia vera, hcmoblastlc sarcoma (primi- 
tive red cell type) followlnp, *002 
Polysaccharides ; Sec Carbohydrates 
Pomerantz, L. : Patholoplc efl’ccts of certain 
plycols and related compounds, *447 
Popolf, X. IV. : Kplthellal functional rejuvena- 
tion observed in mucous cc’lls of pastro- 
intcstinal tract and parietal cells of stomach, 
*841 

Popper, H. P. : Serous hepatitis, SOI 
Portal A'cln, cavernous transformation of portal 
and splenic veins, 79G 

chanpes In spleen in stasis of portal system, 
183 

early changes In Intlma of Intrahepatlc 
branches of portal vein in Inoculation 
tuberculosis of puinea pip, 033 
participation of lymphatics In patholoplc alter- 
ations of spleen, 372 
Postmortems : See Autopsies 
Potato, rugose mosaic of, *917 
Pregnancy : See also Fetus 
endometrium In, 1080 

Prlbr.am, E. A. : Pathologic and etloloplc obsor- 
v.itions on Intestinal endemic of nurslings, 
800 

Prostate, bactericidal action of prostatlc fluid 
in dogs, 034 


I’rotein, basc-protcln-acld compounds prepared 
from fibrin, *811 

complete anuria due to blockage of renal 
tubules by protein easts In case of multiple 
myelomji, *748 

cITccts of parenteral Introduction of protein 
and nonprotein colloids, 781 
In Blood : Sec Blood, i)rotclns 
reactions of antl-azonrotelns serum, 379 
Prothrombin : Sec Blood, coagulation 
Pyc4onei)hrltIs ; pyelonephrltlc contracted kid- 
ney, 030 

Rabies, relations between virus of pemphigus 
and that of rabies, 18.7 
Itacliltls : See Ilickets 

Iladlaflons : See Roentgen Rays ; Ultraviolet 
Rays ; and under names of various diseases 
Ragins, A. B. : Carcinoma of parathyroid gland, 
802 

Malacoplakla of urinary bladder, 303 
RatclllVc, H. L. : Neoplastic disease of pancreas 
In reptiles, 044 

Rcckllnphnuscn’s Disease: See Neurofibroma- 
tosis 

Rectum, visceral metastasis from rectal car- 
cinoma, 1098 

Rc4mnnn, S. I’. : Studies of human ova ; descrip- 
tion of artltlclally induced parthcnOpenetlc 
activities In 1, *412 

Respiratory Tract: .See also Bronchi: etc. 
coccidioidomycosis; preliminary acute Infec- 
tion with fungus coccldloldcs, 1091 
Diseases : .Sec also Pneumonia ; etc. 
diseases ; coryza of domestic fowl, 032 
diseases ; type III coryza of fowl, *92.7 
plasmacytoma of upper part of respiratory 
passage, *102.7 

Reticulocytes : Sec Erythrocytes 
Reticuloendothelial System: See also .laundlcc; 
Elver : Phagocytes and Phagocytosis ; etc. 
retlcnloendothcllomatosls, *.702 
Rctlculoendothelloma, lymphatic, of uterus, SSS 
Rctlciiloendothellomatosls : See Reticuloendothe- 
lial System 

Rheumatic Fever, Aschoff bodies In heart in 
lubereulosls, 182 

Rhus, polsonlnp; experimental hyperscnsltive- 
ncss In rhisus monkey, 1095 
Rickets, experimental, 024 

Rickettsia, polymorphism of rickettslas of 
trachoma, 377 

Roentgen Rays, action on egg fragments, 037 
ctfect of x-i-adiatlon on blood and lymphoid 
tissue of lumor-bcarlnp animals, 387 
Roenlpenotbcrany : See under names of diseases 
Rosenberg, N. : Unusual free body In tunica 
vaginalis testis, *328 

Rosl, P. A. : Carcinoma of parathyroid gland, 
802 

Ross, I. S. : Pulmonary epithelium and pro- 
liferative reactions in lungs ; study of cellu- 
lar response in lungs after intratracheal 
Injection of toxic and nontoxic foreign sub- 
stances, *478 

Rottlno, A. : Jledlal degeneration In nonrup- 
tured aorta appearing syphilitic macroscopi- 
cally, *320 

Rous Sarcoma : See under Sarcoma 
Rudnlck, D. F. : Jlalacoplakla of urinary blad- 
der, 393 

Rukstinat, G. J. : Congenital absence of penis, 
391, *984 

Russell Bodies : See Cells 
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Saccharides: See Carbohydrates 
Sacconc, A. : Glomus tumor ot arm, 946 
Sacrum, basilar and sacral chordoma, 639 
Sallcyl Compounds, effect of oil of wlnterRrecn 
on spontaneous tumors of mammary glands 
in mice, 383 

Saliva, elimination of B agBlutinogen In, 941 
Salmonella paratyphosus ; small colony varia- 
tion in B. paratypliosis B (Tidy), 1092 
Salter, W. T. : Experimentally induced be- 
nlgnancy of neoplasm ; effect of treatment 
with estrogen and of castration of host, *828 
Salts: Sec Sodium chloride 
Saphlr, 0. : Experimental endocarditis In dogs, 
*424 

Intracystic papilloma of breast, 392 
Sarcoma: See also Adenosarcoma ; Cancer; 
Fibrosarcoma ; Tumors ; etc. 
agglutination tests In study of tumor Im- 
munity, natural and acquired, 189 
chemical composition of active agent ot Rous 
sarcoma no. 1, 638 

development In mice injected with hormones 
or hormone-llke substances, 384 
ectodermal lesions produced by virus of Rous 
sarcoma, 387 

effect of x-radlation on blood and lymphoid 
tissue of tumor-bearing animals, 387 
experimentally Induced benlgnancy of neo- 
plasm : effect of treatment witli estrogen 
and of castration ot host, *828 
hemangloendothelial, of thyroid with exten- 
sion Into trachea and with massive hemop- 
tysis, *571 

liemoblastlc (primitive red cell type) following 
polycythemia vera, *902 
immunization against neoplasm ; its effect on 
nitrogen metabolism of host. 383 
inflammation and carcinogenesis, 1098 
spontaneous bone tumors of mice, 385 
transmission ot Rous filterable agent to 
chemically induced tumors. 790 
transplantable uterine rat sarcoma of 100 per 
cent transmissibilit.v. 384 
tumors in rats and mice following injection of 
thorotrast, 387 

Scarlet Fever ; See also Streptococci 
active Immunization of nurses against scarlet 
fever, 787 

Sclmttenberg, H. J. : Postmeasles encephalitis, 
*128 

Schick Test : See Diphtheria 
Schistosomiasis, pulmonary, 786 
Scliools, tuberculosis in American scliools and 
colleges, 370 
Sclllarcn : See Squill 
Sclerosis : See also Arteriosclerosis 
nature of “silver colls” in multiple sclerosis 
and other diseases, 371 
Scorbutus : See Scurvy 

Scurvy, bone and cartilage lesions of protracted 
moderate scurvy, 370 

Semen, effect of obliteration of efl'erent seminal 
passages on testis, 781 
Seminoma of testis, 388 
Serum : See also Blood 
Immune : See also Antlirax ; Streptococci : 
etc. 

Immune ; production of antl-N immune serums 
in rats, 788 

*’’™une ; reactions of anti-azoprotclns serum. 

Sickness : See Anaphylaxis and Allergy 
Shigella : See under Dysentery 
Sliock, acute postoperative enterocolitis ; study 
on patliologic nature of shock, *960 
Anaphj-lacllc : See Anaphylaxis and Allergy 
Sliope, R. E. : Complex infections, *913 


Shwartzman Phenomenon : See Immunity 
Sigmoid : See also Intestines 
results from study of cells of sigmoid, *851 
Silicon compounds, pancreatic silicic acid, 630 
Silicosis ; See Pneumoconiosis 
Simon, M. A. : Hemangloendothelial sarcoma of 
thyroid with extension into trachea and with 
massive hemoptysis, *371 
Simons, .1. : Endamoeba histolytica ; experi- 
mental infection of stomachs of dogs and 
cats, *218 

Skin, cutaneous markings from plunges into 
water, 794 

Diseases : See also Dermatitis ; and under 
names of diseases and plants, as Herpes ; 
Rlius : etc. 

diseases : dermatoses due to vitamin A de- 
ficiency. 367 

Inflammation : See Dermatitis 
medicolegal significance of cutaneous elastic 
fiber system, 795 
prccancerous skin changes, 1098 
Smallpox, vaccination ; combination of vaccinia 
with antivaccinial serum, 788 
vaccination ; immunologic relationship between 
Shope fibroma virus, virus of myxoma and 
ncurolaplne virus, 390 

vaccination ; statistical studies of vaccine 
virus, 379 

vaccine : cultivation of vaccinia virus with 
Kupffer cells (reticuloendothelial cells), 632 
vaccine ; observations on living vaccinia and 
ectromclia viruses by high power micros- 
copy. 376 

Smith, C. E. : Arrested pulmonary coccidioidal 
granuloma, *717 

Snakes, neoplastic disease of pancreas in rep- 
tiles. 044 

Soaps, observations on lesions produced in 
arteries of dogs by injection of lipids : lipids 
injected : human fat, fatty acids, soaps and 
cholesterol, *1011 

Societies, American Association of Industrial 
Physicians and Surgeons, annual meeting, 
779 

American Association of Pathologists and 
Bacteriologists, meeting, 014 
American Board of Pathology, date of exam- 
ination. 614 

American College of Pliysielans, annual ses- 
sion, 306 

American Public Health Association, meeting, 
614 

American Society of Clinical Pathologists, an- 
nual meeting, 300, 779 

Association of iVmerican Medical Colleges, 
meeting. 171, 014 

International Congress for Jllerobiology, third 
meeting, 779 

SociETV Transactions: 

Chicago Pathological Society, 193, 391, 800, 
949 

Kew England Pathological Society, 644, 804, 
1102 

New York Pathological Society. 650, 796, 946 
Pathological Society of Plilladelplda, 042 

Sodium cliloridc : special form of erythrocyte 
possessing Increased resistance to hypotonic 
saline. 1091 

Spectroscopy : See under Brain 
Snermatozoa, antigenic structure of. 1094 
Spinal Cord : See also Meninges : Nervous Sys-* 
tern ; etc. 

injuries of cervical spinal cord in newborn 
children, 1101 

neuron degeneration in vitamin deficiency, 
1084 

structure of fllum terminalc, 1086 
Sninal Fluid : Sec Cerebrospinal Fluid 
Spine, intervertebral disks, patliologic aspects 
of posterior protrusions of. *201 
Spirochaefa in gastric glands of Macacus rhesus 
and of man without related disease. *469 
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Spirochetosis, !il)scess production I).v fusiform 
li.Tcilll in raliblts !ind mice l).v use of scll- 
laren If or mucin. G31 

Spleen, cliaiifres in spleen in stasis of portal 
system, IS."! 

malarial, rcReneratlon In canary after in- 
farction and after luirnlnK. ".‘iO 
participation of lymphatics in patholoplc al- 
terations of, 372 

rocntfrenopniphy : cellular reactions to thorium 
dioxide in hepatospIcnoRraphy, 17S 
sclerosis of arterioles of spleen and hldncy 
in relation to arterial hypertension, lOSS 
splenoma, IflO 

tetanus bacilli in cardiac blood and spleen, 
033 

Splenoma, IPO 

SpoiiKloblastonia unlpolare, 18fl 
Sciulll, abscess production by fusiform bacilli 
in rabbits and mice by use of sclllarcn B 
or mucin, 031 

Stains and Stalnlnc, adaiitatlon of orlRlnal 
Wcicert teclinic for stalnlriK myelin sbcatlis 
in formaldcbydc-pyroxylln material, 102 
histochemistry of adrenal medulla. lOPl 
nature of "silver cells” In multiple sclerosis 
and other diseases, 371 

phacocylosls of trypan blue in rats of differ- 
ent ace p'roups. *212 

ponccau-fuchsin slain for androRcnlc adrenal 
cortical cells, *1030 

profinostlc slcnltlcnncc of Intracellular mticl- 
carminophlllc material In carcinoma of fe- 
male breast. 030 

pulmonary epithelium and prollfcrativo reac- 
tions In lunps; study of cellular response In 
limps after Intratracheal Injection of toxic 
and nontoxic forcipn suiistances, *'17S 
useful methods for routine examination of 
brain tumors, 700 

vital stalnlnp of connective tissues. 7.81 
Staph.vIococcI, distribuilon In rabbits after In- 
travenous inoculation, IS.' 
experimental staphylococcic osteomyelitis. 10S4 
immunity apalnst pyopenic staphylococci. 3S2 
in vitro and in vivo action of chronic Inflam- 
matory tissue on certain antlpens and anti- 
bodies. S02 

satellite hemolytic zones In blood apar staphy- 
lococcic cultures, 370 

some physical and chemical properties of 
staphylococcic entcrotoxin, S03 
Steelier, It. M. : Primary systemic amyloidosis : 
involvement of cardiac valves. Joints and 
bones, with patholoplc fracture of femur, 
*207 

.Steiner, M. : Production of renal calculi In 
puinca pips by feedinp them diet deficient 
In vitamin A, *104 

Sternum, Puncture: See Bones, marrow 
Stevenson, L. I). : Patholoplc chanpes In ner- 
vous .system In yellow fever, *240 
Stewart, F. W. : Biopsy of material obtained by 
aspiration in dlapnosis of tumors. G.'iS 
Stomach : See also Gastrointestinal Tract 

Endamoeba histolytica ; experimental Infection 
of stomachs of dops and cats, *218 
epithelial functional rejuvenation observed 
in mucous cells of pastrolntcstinal tract 
and parietal cells of stomach, *841 
patholoplc chanpes produced by pastrectomy 
. in young swine, 024 

results of study of cells of stomach of rabbit, 
*877 

spirochetes in gastric glands of Macacus 
rhesus and of man without related disease, 
*409 

Ulcer : See Peptic Ulcer 
Streptococci : See also Scarlet Fever 
experimental endocarditis in dops, *424 
experimental streptococcic endocarditis, 1084 
hemolytic, formamide method for extraction of 
polysaccharides from, 381 


Streptococci — Continued 
hemolytic, organisms recovered from filtrates 
of cultures of, 032 

hemolytic; preparation of serum protective 
against hemolytic streptococci, 381 
hemolytic, serologic properties of polysaccha- 
ride from mucoid substance of, 034’ 
Inhl_bItory substance for influenza organisms, 
37.1 

Stable hemolysin-leiikocldln and Its crj-stnllino 
derivative isolated from beta hemolytic 
streptococci, 180 

Stubbs, E. E. ; Leukosis of fowls, 043 
Subdural Space : See Meninges 
Submaxlllary gland virus of guinea pip, 374 
Sucrose, effects of Intravenously injected sucrose 
on kidneys, 940 

Suer, \V. .1. : Base-proteln-acid compounds pre- 
pared from fibrin, *811 
raseln ns catalase, *824 
Fibrin ns catalase, *Sl."i 
Suicide, cutaneous markings from plunges into 
water, 794 

Sulfanilamide and Sulfanilamide Derivatives, 
Tlicraiiy : Sec under Gonococci 
Suprnrenals; Sec Adrenals 
Symmers, 1).: Bctlculocndothcllomatosis, *.102 
Syphilis : See also under names of organs, 
regions and diseases 

congenital, intestinal lesions In : histologic 
sltidy, with report of 3 additional cases, in 
all of wlilch spirochetes were Idcntiflcd, *239 
medial degcnerntlon In nonruptured aorta 
appearing syi)lillltlc. macroscopically, *320 
transfusion .sypliills, 192 

Talcum, tuberculous Infection from talcum used 
to dry gloves used for necropsies, 939 
Tar Cancer": Sec under Cancer 
Teeth, Identlflcatlon of persons by their bites, 
794 

Teltelman. .S, L. : .Malignant tumor of greater 
omentum slmulatinp plomanploma, *95 
Temperature: .Sec Cold 
Terplan, K. : Herbert U. Williams, Clu 
Testicles, bilateral tubular testicular adenoma 
associated with intersexuallty, 190 
ofl’e'ct of obliteration of efltTcnt seminal pas- 
sages on testis, 781 
seminoma of. 388 

unusual free body In tunica vaginalis testis, 
*.328 

Tetanus bacilli in cardiac blood and spleen, 033 
Inactivation of tetanus toxin by crystalline 
vitamin C (/-ascorbic acid) , 1094 
Theca Interna : See Graafian Follicle 
Thompson, .1. It. : Kodachrome films for teach- 
ing pathology, 949 

Thorax: See also Heart; Lungs; Mediastinum; 
Fleura ; etc. 

correlations between postmortem teleroent- 
genograms of cliest and autopsy reports 
with reference to pulmonary embolism and 
infarction, 1102 

Thorium dioxide; cellular reactions to tliorium 
dioxide in hepatosplcnography, 178 
dioxide : tumors in rats and mice following 
Injection of thorotrast, 387 
Thorolrast : See Tliorium dioxide 
Tliroat, inhibitory substance for influenza or- 
ganisms, 375 

tissue cultures of human throat Inclusion 
bodies, 184 

Thrombophlebitis : See also Thrombosis 

suppurative, of azygos vein associated with 
abscess of lung, 051 

Thrombosis : See also Embolism ; Thrombo- 
phlebitis „ 

ball thrombus of heart ; report of case witli 
review of literature, *907 
changes in calf muscles following venous 
thrombosis and prolonged confinement in 
bed, 028 

primary, of deep veins of leg, 627 
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Tlijmus, tumors and their association triUt 
myasthenia, 943 

Thyroid: See also Parathyroid 
carcinoma ■with long clinical history, 19G 
diseases : lymphadenoid goiter, ISl 
effect of thyroid feeding on removal of cho- 
lesterol, -SS8 

hemangioendothelial sarcoma of thyroid with 
extension into trachea and with massive 
hemoptysis, ~5X1 

organ hypertrophy in thyroid-fed rats, 1085 
Tissue: See also Cells 

connective, fibrinoid degeneration, TS2 
connective, fibrinoid degeneration following 
single injection of protein, 372 
connective, vital staining of, 781 
cultivation of adult tissues in human serum, 
639 

culture of adult human hemopoietic tissues, 
176 

cultures of human throat inclusion bodies, 
184 

cultures, use of strip-shaped explants in. *SS 
effects of organismal differentials on distribu- 
tion of leutocytes in circulating blood, *510 
elastic, *334, *583 

inexpensive embedding oven for use in routine 
work on tissues, *580 

measles inclusion bodies in blood and in tis- 
sue cultures, 184 

medicolegal significance of cutaneous elastic 
fiber system, 795 

membrane formation at lipoid-aqueous inter- 
faces in tissues, *15 

pathologic changes in rats and in dogs fed 
diets containing lead and arsenic com- 
pounds ; compounds used : lead arsenate, 
arsenic trioxtde, calcium arsenate and lead 
acetate, *433 
Tomato, streak of, *920 

Trachea, hemangioendothelial sarcoma of thy- 
roid with extension into trachea and with 
massive hemoptysis, *571 
Trachoma, polymorphism of rickettsias of, 377 
Trichostrongylidae, in vitro action of immune 
rat serum on nematoide, Xippostrongylus 
muris, 380 

Trypan Blue : See Stains and Staining 
Trypanosomiasis, variation in reticulocytes of 
rabbits, 627 

Tubercle Bacilli, chemical origin of histologic 
specificity of tuberculous infiammation, 630 
Tubcrculoprotein : See under Tuberculosis 
Tuberculosis : See also Tubercle Bacilli ; and 
under names of various organs and regions, 
as Liver: etc. 

Aschoff bodies in heart in, 182 
experimental pneumococcus infection in tuber- 
culous rabbits, 625 

in allergic and desensitized guinea pigs, 787 
in American schools and colleges, 376 
incidence of extrapulmonary primary tuber- 
culosis, 1091 

intracutaneous reactions against antiserum in, 
378 

pulmonary, vascular changes in various types 

of. loss 

sensitization, antibod.v formation and lesions 
produced by tubercle bacilli in albino rat, 
*289 

sensitization with heat-killed tubercle bacilli, 
1094 

tuberculous Infection from talcum used to 
dry gloves used for necropsies, 939 
tVeltmann serum coagulation reaction, 191 
Tulip breaking. *927 

Tumors : Sec also Adenoma ; Cancer, Chordoma : 
Fibroma ; C.lioma ; Melanoma ; Myeloma : 
Myxoma ; Bapllloma : Sarcoma ; etc. ; and 
under names of organs and regions, as 
Bones ; Brain ; Breast : Bronchi : Xervos ; 
Ovary ; P.ancreas : etc. 

Amyloid : Sec Amyloidosis 


Tumors — Continued 

biopsy of material obtained by aspiration in 
diagnosis of, 653 

cancer of alimentary tract in mice, 636 
cells : virulence of cells of transplantable 
tumors, 943 

glomus tiunor of arm, 946 
high incidence of spontaneous mammary 
tumors in Albany strain of rats, 789 
intranuclear bodies in normal and neoplastic 
human tissue, 189 
malignant, in dogs, G36 
mixed ; carcinosarcoma, 789 
neoplastic character of leukemia, 389 
tumor growth in mice one-fifth saturated with 
deuterium oxide (heavy water), 383 
Tunica Vaginalis: See Testicles 
Turkeys, blackhead of, *914 
Turley, Louis A.; normal, acromegalic and hy- 
perplastic nephritic human nephron ; fur- 
ther consideration of plastic reconstructions 
of Louis A. Turley, *691 
Twins, adenocarcinoma of large intestine in pre- 
sumably dizygotic twin brothers, *133 
Typhoid, dark ground studies of flagellar and 
somatic agglutination of B, typhosus, 1093 
incidence of amebiasis, typhoid and dysentery 
in Chicago hospital, 193 
isolation of antigenic substances from strains 
of Bacterium tj-phosum, 380 
preparation of typhoid vaccine with mercuric 
chloride, 635 

Typhus, variation in reticulocvtes of rabbits, 
627 

Ulcers: See Peptic Ulcer; and under names of 
organs 

Ultraviolet Kays, increase of antigenic property 
of serum by ultraviolet irradiation, 634 
Undulant Fever: See also Bacteria, abortus and 
melitense group 

brucelliasis in Japan and ManchukTio, 940 
histology of cutaneous reaction to Brucella 
melitensis antigen, *307 

Urine, retention ; complete anuria due to block- 
age of renal tubules by protein casts in case 
of multiple myeloma, *748 
Uterus : See also Endometrium 
lymphatic reticuloendothelioma of, 388 
preinvasive carcinoma of cervix, 804 
transplantable uterine rat sarcoma of 100 per 
cent transmissibility, 384 
uterine adenoma in rabbit, 387 

Vaccinia: See Smallpox, vaccination 
Vagina, Bacillus vaginalis of Doderlein as cause 
of endocarditis. 377 

Van Kirk, F. 4V„ Jr,: H.vpernenhroma of ovarv, 
393 

Variola : See Smallpox 

Veins : See also Blood vessels ; Embolism ; 
Thrombophlebitis ; Thrombosis ; Venae 
Cavae ; etc. 

Azygos : See under Lungs 
cavernous transformation of portal and 
splenic veins, 790 

pathologic alterations in long saphenous vein, 
182 

Portal : See Portal Vein 
splenic, stenosis in childhood, 935 
Venae Cavae, left inferior vena cava, *1021 
Vertebrae : See Spine 

Virchow’s lectures on pathologv at Wurzburg, 
373 

Viruses : See also under Herpes ; Influenza ; 
Poliomyelitis ; Babies ; etc. 
carcinogenic effect of papilloma virus on 
tarred skin of rabbits, 3S6 
complex infections, *913 

course of virus-induced rabbit papillom.as as 
determined by virus, cells and host, 3S7 
ectodermal lesions produced by virus of Kous 
sarcoma, 3S7 
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viruses — Continued 
Harvard symposium on, 3GC 
liistoKcnesIs of Sliopo Inoculable rabbit 
papilloma, 1100 

ImmunoloKlc relationship between Sbopc 
fibroma virus, virus of myxoma and neuro- 
laplne virus, 300 

ImmunoIOKlc studies with transplantable and 
virus-induced urowtbs of rabbits, 052 
Influence of temperature on proliferation of 
Infectious fibroma and Infectious myxoma 
viruses In vivo, ISO 

observations on living vaccinia and cctromella 
viruses by high power microscopy, .370 
specific complement-fixation with virus of 
Sbopc's fibroma, C3S 

submaxlllnry gland virus of guinea pig, .374 
transmission of Itous filterable agent to 
chenilcnlly Induced tumors, 700 
virus of meningitis and pneumonitis, 1002 
Viscera : See also Abdomen 
Inguinal granuloma with visceral and osseous 
lesions, 303 

visceral metastasis from rectal carcinoma, 
lOOS 

Vitamins : See also ItlelvCts ; Scurvy ; etc. 

A : dennatoses due to vitamin A deficiency, 
.307 

A ; production of renal calculi In guinea pigs 
by feeding them diet deficient In vitamin 
A, *104 

C ; cevitamic acid content of fetal blood, 020 
C: effect of ascorbic acid and glufatblonc on 
exporlmenfal diphtheritic Intoxication, 0.30 
C; Inactivation of tetanus toxin h,v crystalline 
vitamin C (/-ascorbic acid), 1004 


A'ltamlns — Continued 

C; variations In content of ascorbic acid and 
pigment In heart muscle, 030 

1C; bleeding tendency and prothrombin de- 
ficiency, 308 

neuron degeneration In vitamin deficiency, 
1084 

Waters, J. L. : Experimental studies on adsorp- 
tion of botullnum toxin by kaolin-aluminum 
hydroxide In Intestines of animals, 804 
Well, A. : Histology of pituitary of white rat 
after Injection of estrogen, 040 
Weltmann Itcactlon : Sco Blood, coagulation 
Whooping Cough, experimental Infection of mice 
with Ilacmophllus pertussis, 031 
Wiener, M. P. : Adenocarcinoma of Jejunum 
treated by enteroenterostomy and compli- 
cated by Intussusception, 050 
Williams, Herbert U., 015 
Wlllls’ Circle ; See under Brain 
WIntergreen ; Sec under Sallcyl Compounds 

Yellow Pever, pathologic changes In nervous 
system In, *240 

Vounge, P. A. : I’rclnvaslvc carcinoma of cervix, 
SOI 

Zlskind, J. : Postmeaslcs encephalitis, *128 
Zon, E. : Effect of thyroid feeding on removal 
of cholesterol, *888 

Zondek, B. : Histology of pituitary of white rat 
after Injection of estrogen, 949 
Zugcr, B. : Production of renal calculi In 
guinea pigs by feeding them diet deficient 
In vitamin A, *104 
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